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(57) Abstract 

A system for transmit- 
ting and receiving signals rep- 
resenting a high-definition 
Revision (HDTV) image is 
disclosed. The signals are sent 
over two conventional 6 MHz 
NTSC channels. A first signal, 
the main signal, is developed 
by encoding circuitry (112) 
from HDTV source signals to 
•be compatible with existing 
NTSC receivers (122) in that it 
produces a display on those re- 
ceivers which is not signifi- 
cantly distorted. The main sig- 
nal includes psycho-physically 
hidden video information 
which may be used by an ex- 
tended definition receiver 

Sw^^a™*'?"!? 1 i T agC / , havin « a hi * he r ,evcl of detail than a conventional video image. A second signal the 

the main s£ 2 V ™' ° 3 5 ) deC ° dcS ,hc main s5 * nal ' and - usin « a signal sent with 

HDTV image ' ^ S,gnaL ^ dC °° ded main and auxi,iar y si « nals are combined to Reproduce the 
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EXTENDED DEFINITION WIDESCREEN TELEVISION SYSTEM 
USING PLURAL SIGNAL TRANSMISSION CHANNELS 

Background of the Invention 

This invention relates to a television signal 
transmission system which utilizes more than one 
transmission channel to send signals representing a 
high-definition widescreen image* 

A conventional television receiver, such as a 
receiver in accordance with NTSC broadcast standards, has a 
4:3 aspect ratio (the ratio of the width to the height of a 
displayed image). Recently, there has been interest in 
using higher aspect ratios for television receiver systems, 
such as 2:1, 16:9 or 5:3, since such higher aspect ratios 
more nearly approximate the aspect ratio of the human eye 
than does the 4:3 aspect ratio. Video images having aspect 
ratios of 5:3 and 16:9 have received particular attention 
since these ratios approximate the aspect, ratio of many 
motion picture films. In addition, there has been interest 
in increasing the level of detail in the reproduced linage 
above that of a conventional television image to more 
nearly approximate the level of detail found in motion 
picture film. However, television systems which transmit 
signals representing high-definition widescreen images 
should be designed to send a video signal which is 
compatible with existing television receivers since the 
widespread adoption of an incompatible system may be 
difficult. 

A survey of several proposed high-definition 
widescreen television systems may be found in a paper by 
Robert Hopkins entitled "Advanced Television Systems", IEEE 
Transactions on Consumer Electronics, February 1988, pp 
1-15. Of the eight systems described in this article, five 
are compatible with existing NTSC television receivers to 
the extent that the transmitted signals may be received by 
a conventional NTSC receiver, without preprocessing by a 
converter, to produce a 4:3 image that is only slightly - 
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degraded relative to a standard NTSC image. These systems 
were developed by: AT&T Bell laboratories (the'Bell" 
system), Dr. William Glenn of the New York institute of 
Technology (the. Glenn system), the Del Ray Group (the Del 
5 Ray system), North American Philips (the NAP system) and a 
consortium of NBC and the David Sarnoff Research Center 
(the NBC system). 

In the Bell system, two 6 MHz television channels 
are used to transmit signals representing a high-definition 
10 widescreen image. One channel carries a standard NTSC 

signal representing relatively low frequency luminance and 
chrominance signal components of the high-definition 
widescreen image. The second channel carries high 
frequency luminance and chrominance signals which may be 
used, by a special receiver, to augment the image 
represented by the NTSC signal. 

The Glenn system also uses two channels, one of 
which carries an NTSC compatible signal. The second 
channel in the Glenn system uses only 3 MHz of the 6 MHz 
bandwidth and conveys image detail information which has 
been filtered to reduce its temporal resolution (i.e. to 
lower its frame rate), a frame store is used to combine 
the NTSC signal with the low- frame-rate high-detail signal. 
A widescreen effect is achieved in the Glenn system by 
increasing the vertical blanking interval while decreasing 
the horizontal blanking interval. 

The Del Ray system uses only one 6 MHz channel 
which carries an NTSC compatible signal. This signal 
defines a high-definition image over six field periods. 
The high-definition image is reconstructed by a special 
receiver which combines the six fields in a frame store. 
The Del Ray system also increases the vertical blanking 
interval to achieve a widescreen effect. 

The NAP system transmits a standard NTSC signal 
in one channel and an augmentation., signal in a second 
channel. The augmentation signal is combined with the NTSC 
compatible signal by a special receiver to generate a 
widescreen, progressively scanned image. The horizontal 
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detail of the image produced by the NAP system is 
substantially the same as that of an NTSC image. 

The NBC system is the starting point for the 
invention set forth below. This system is described in 
5 greater detail in a paper by M. Isnardi et al. entitled 

"Decoding Issues in the ACTV -System" ; IEEE Transactions on 
Consumer Electronics, February, 1988, pp 111-120. A 
portion of this system is also described in U.S. patent 
No. 4,782,383 entitled "Apparatus for Processing High 
10. Frequency Information in a Widescreen Television System", 

which issued November 1, 1988. These references are hereby 
incorporated by reference. The system described in the 
referenced article and patent application uses a single 6 
MHz channel to convey an augmented NTSC signal. When this 
15 signal is processed by a conventional NTSC receiver, a 

conventional television image is produced. However , when 
this signal is processed by a receiver which decodes and 
combines the various component signals, an extended 
definition, widescreen -image is produced. The component 
signals which augment the basic NTSC signal are assigned to 
inefficiently used areas of the NTSC spectrum. Although 
this high-definition, widescreen image has more horizontal 
and vertical detail than a conventional television image 
and is overall very pleasing to the viewer, it may have 
25 less diagonal detail. Moreover, the overall level of 
detail is still less than that of motion picture film. 

Summary of the Invention 

Therefore, it is desirable to provide an 
auxiliary signal for the NBC type of system which increases 
the level of detail in the reproduced image to more nearly 
match that of motion picture film. 

The present invention is embodied in a system 
which generates signals representing a high-definition 
widescreen image and transmits the signals over two 
television channels. An input video signal, representing 
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an image- having approximately the same level of detail as 
motion picture film, is applied to the system. The system 
includes a first signal encoder which processes a portion 
of the input video signal to produce an encoded main video ' 
signal representing an enhanced image having greater detail 
than a conventional television image but less detail than 
the image represented by the input video signal. The main 
video signal is applied to decoding circuitry which 
generates a baseband signal representing the enhanced 
image. The system further includes circuitry which 
develops a difference signal representing the difference ' 
between the input video signal and the decoded baseband 
signal. The difference signal is processed by a second 
signal encoder to produce an auxiliary signal. The main 
and auxiliary signals are transmitted via separate 
television channels. 

A receiver embodying the present invention 
receives and decodes the main and auxiliary signals and 
then combines the decoded signals to produce signals 
representing the high definition widescreen image. 

Brief Descrip tion of the Drawings 
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FIGURE 1 is a block diagram of a two channel 
television signal transmission system which operates in 
accordance with the present invention. 

FIGURE la is a diagram illustrating the operation 
of a single channel encoder- suitable for use in the system 
shown in FIGURE 1. 

FIGURE lb is a block diagram of a single channel 
encoder suitable for use in the system shown in FIGURE 1. 

FIGURES lc-lf, 2 , 2a, and 3a-3c are diagrams 
illustrating the operation of various components of the 
single channel encoder shown in FIGURE lb. 

FIGURE 4 is a block diagram of a 1050 line per 
frame (L/F) interlace to 525 L/F progressive scan converter- 
suitable for use in the single channel encoder shown in 
FIGURE lb. 
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FIGURES 5a and 5b are block diagrams of. 
progressive to interlace scan converters suitable for use 
m the single channel encoder shown in FIGURE lb. 

FIGURES 6-8 are block diagrams of circuitry 
5 suitable for use as the side-center signal separator and 
processor of the single signal encoder shown in FIGURE lb. 

FIGURE 9 is a block diagram of circuitry suitable 
for use as the NTSC encoder of the 'single channel encoder 
shown in FIGURE lb* 

FIGURES 10 and lOa-lOc are block diagrams and a 
chart illustrating. the structure of various vertical- 
temporal and horizontal-vertical-temporal filters used in 
the single channel encoder shown in FIGURE lb and in a 
single channel decoder shown in FIGURE 14. 

FIGURES lla and lib are block diagrams of 
circuitry suitable for use as the highs intraframe averager 
of the single channel encoder shown in FIGURE lb. 

FIGURES 12 and 12a-12d are block diagrams of 
circuitry suitable for use as any of the time expanders or 
time compressors used in the single channel encoder shown 
xn FIGURE lb and diagrams illustrating the operation of the 
circuitry. 

FIGURE 13 is. a block diagram of amplitude 
compensation and quadrature modulation circuitry suitable 
for use in the single channel encoder shown in FIGURE lb 

FIGURE 14 is a block diagram of a single channel 
decoder suitable for use in the present invention. 

FIGURES 15 and 16 are block diagrams of circuitry 
suitable for use as the intraframe averager-dif ferencer of 
the single channel decoder shown in FIGURE 14. 

FIGURES 17 is a block diagram of a quadrature 
demodulator and amplitude expander suitable for use in the 
single channel decoder shown in FIGURE 14. 

FIGURE 18 is a block diagram of a luminance- 
chrominance signal separation circuit suitable for use in 
the single channel decoder shown in FIGURE 14. 

FIGURE 19 is a block diagram of circuitry 
suitable for use as the Y-i-q format decoder of the single 
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channel decoder shown in FIGURE 14 . 

FIGURE 19a is a block diagram of a side-panel- 
center-panel splicer suitable for use in the format decode- 
shown m FIGURE 19.- 

FIGURES 20 and 21 are block diagrams of interlace 
to Progressive scan converters suitable for use in the 
circuitry shown in FIGURE 14. 

FIGURE 22 is a block diagram of an auxiliary 
channel luminance signal encoder suitable for use in the 
auxiliary channel encoder of the system shown in FIGURE 1 

FIGURE 22a is a pixel diagram useful for 
explaining the operation of the circuitry shown in FIGURE 

FIGURE 23 is a block diagram of a motion encoder 
and low-pass filter suitable for use in the single channel 
encoder shown in FIGURE lb. 

FIGURE 24 is a block diagram of an auxiliary 
channel chrominance signal encoder suitable for use in the 
auxiliary channel encoder of the system shown in FIGURE l 

FIGURE 24a is a video field diagram useful for 
explaining the operation of the circuitry shown in FIGURE 

FIGURE 25 is a block diagram of exemplary 
circuitry for modulating and demodulating the auxiliary * 
signal generated by the auxiliary channel encoder shown in 
FIGURE 1. 

FIGURES 26 and 27 are block diagrams of 
respective chrominance and luminance augmentation signal 
decoders suitable for use in the advanced compatible 
television two-channel decoder shown in FIGURE 1. 

FIGURE 28 is a block diagram of circuitry 
suitable for use as the motion signal detector of the 
auxiliary channel luminance signal encoder shown in FIGURE 
22 and the luminance augmentation signal decoder shown in 
35 FIGURE 27. 

FIGURE 29 is a block diagram of the advanced 
compatible television two-channel decoder shown in FIGURE 

1 • Vs— ' 
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Detailed Descrip tion 
In the drawings, single line arrows may represent 
busses for conveying multiple-bit parallel digital signals 
or sxgnal paths for conveying analog signals or single bit' 
5 dxgxtal signals. The type of signal conveyed by a bus or 
signal path is made clear in the context in which it is ; 
dxscussed. For the sake of clarity, compensating delays 
may have been omitted in some signal paths. One skilled in 
the art of digital signal processing circuit design will 
10 know where such delavs art* . 

aexays are needed xn a particular system 

. FIGURE 1 is a block diagram of a two-channel 
television signal transmission system which includes an 
embodiment of the present invention. In FIGURE 1, wideband 
wxdescreen high definition television (HDTV) signals Y, I 
15 and Q from a source 110 (e.g. a video camera) are applied 
to a transmitter 112 . signal Y contains luminance image 
xnformation which occupies band of frequencies between 0 Hz 
and 20 MHz and signals I and Q contain chrominance image 
xnformation occupying a band of frequencies between 0 Hz 
20 and 10 MHz. 

The signals Y, i, and Q are encoded via a single 
channel encoder 114. of the type described in the above- 
referenced isnardi et al. .paper and patent application. The 
encoded signal is then transmitted by an antenna 115. 
25 Television signals transmitted by the antenna 115 are 

recexved by an antenna 120 associated with a standard NTSC 
receiver 122, and by an antenna 124 associated with a 
wxdescreen extended definition television (EDTV) display 
128 xn a widescreen EDTV receiver. The widescreen EDTV 
reC6iver deludes a single channel decoder of the type 
described in the above-referenced Isnardi et al. paper and 
patent application for decoding the received signal into 
constituent extended definition luminance and chrominance 
image components Y' , 1 1 and Q'. The signals Y', I' and Q' 
5 are dxsplayed on the widescreen EDTV display 128. 

The system shown in FIGURE 1 further includes an 
auxxliary channel encoder 142 which encodes, for 
transmission, a signal representing the difference between 
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the widescreen EDTV signals, as displayed by the widescreen 
EDTV receivers 125 and 128, and the original widescreen 
HDTV signals provided by the source lip. This difference 
signal is developed by subtracting output signals Y • , i» 
5 and Q* provided by a single channel decoder 140 from the 
respective signals Y, I, and Q provided by the source no. 
The single channel decoder 140 may be identical to the 
decoder 125. An auxiliary television signal, provided by 
the encoder 142 is transmitted by an antenna 130. 
10 Tne auxiliary channel signal transmitted by the 

antenna 130 and the main channel signal transmitted by the 
antenna 115 are received by an antenna 132 associated with 
a widescreen HDTV receiving system. This system includes a 
two-channel decoder 134 for decoding the main channel 
15 signal and the auxiliary channel signal, and for additively 
combining the decoded constituent luminance and chrominance 
signals to produce respective widescreen HDTV component 
signals Y», I" and Q» suitable for display by a widescreen 
HDTV display unit 136. 
20 FIGURE la is a diagram illustrating the signal • 

encoding techniques used by the single channel encoder 114. 
The encoder first reduces the bandwidth of the HDTV signals 
to be less than 6.0 MHz , converts the HDTV signals from a 
1050 line per frame (L/F) interlace scan format to a 525 
25 L/F progressive scan format and then encodes the resultant 
signals into an NTSC compatible video signal having four 
component signals. One component which produces standard 
aspect ratio, standard definition color images in the 
conventional or standard NTSC television receiver 122 and 
30 .three components which represent enhancements of the 
standard image when reproduced in the widescreen EDTV 
• receiver 128. The three enhancement components are 
combined with the component corresponding to the standard 
aspect ratio, standard definition image such that they 
35 occupy the same band of frequencies as the standard 

component but are physically or perceptually hidden in the 
image produced by the standard television receiver 122 . 

The first component signal (i.e., the standard 
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zziti 3 is a 525 l/f - 2:1 » ith . 

center nan^ T" ™ S <™ent includes the 

.. center panel of the bandlimited HDTV sional whi,- h k \ 
expanded in time i-„ „ signal, which has been 

> time The fir- ^ **" ly th * enti " acti - "»e 

oC:: s "c:: pressed into ie£t and ^ im e a n ge 
™ ; e ~ of i e f T y as produced by 

info™.*. • ' °" fre 9 ue ncy side panel 

information is physically hidden from view since it i s „ „ 
displayed hy a standard NTSC receiver. This first 

rrr: a ^rv s intrafrane — d 

CmbLed^ ^TllZZ/ZTT bel °"' " " 

«*« ■ illustrates the tW^TanT ^ 
time-compression of the first component signal 

interlaced^aT-: ^ ^ aT"^ 
high frequency information have ell bln^xpanae" to"" 
occupy one-half of the active line time. Thus the 
expanded side panel information occupies substantially the 

FIGURE 3c illustrates the generation of the second 
component signal. second 

interla„/ he C ° mP ° nent *« an auxiliary 2:1 

sisals , 19na1 ' dEriVed ^ 1,15 HDTV 

derail inf T "* h °«-ntal luminance 

Tnis Lf T " tW6en ap "« xi »«el y 5 . 0 and 6 . 0 MHz . 

banc ^"rT " shi "^ *-» in frequency to occupy a 
band of frequencies between 0 and i.o MHz 

intrafr* 1,16 SeC ° nd and tMrd com P on ™t signals are each 
to : 0 dul^t e aVera9ed : "^"^ « -P^tude and then used 
to modulate respective quadrature phase related suppressed 
alternate subcarrier signals asc and ASC which have a 
frequency that is an odd multiple of one-half of the 
horizontal line scanning frequency and that is witoin the 

^ ± £ier. signals are subject to a 180° 
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phase change from field to field, where a field is defined 
as 262 horizontal line periods. Consequently, any 
distortion of the standard NTSC image produced by the 1 
modulated second and third components appears as a 
5 frame-rate (30 Hz) complementary color change. Distortion 
of this type is generally not noticed since the human eye 
is relatively insensitive to rapid, mutually complementary 
changes in color at saturation levels normally encountered 
in television signals. 
10 The fourth component signal is a 2:1 interlaced 

"helper" signal which includes vertical-temporal (V-T) 
luminance detail information that would otherwise be lost 
in the conversion of the HDTV signal from 525 LPF 
progressive scan to 525 LPF interlace scan. This signal 
15 helps the EDTV receiver reconstruct missing information in 
moving scenes and to reduce or eliminate unwanted flicker 
and motion artifacts in the progressively scanned 
widescreen image produced on the EDTV display 128 and HDTV 
display 136. FIGURE 2a illustrates how the helper signal 
20 is generated from the 525 LPF progressive scan and 525 LPF 
interlace scan signals. 

The fourth component signal is bandlimited to 750 
KHz, mapped onto the first component signal by compressing 
portions which correspond to the side panels and expanding 
25 portions which correspond to the center panel. The 

resultant signal is used to modulate a carrier signal that 
is quadrature phase related to the picture carrier signal 
(also known as the video 'carrier signal) and combined with 
modulated first, second and third components. The fourth 
30 component signal is hidden in a conventional NTSC display 

because any distortion it may cause is spatially correlated 
with the first component by the mapping process . 

The luminance signal portion of the first 
component signal is pre-filtered using a horizontal- 
35 vertical-temporal (H-V-T) comb filter to. eliminate 

potential crosstalk between it and the chrominance signal 
portion of the first component signal. in addition, the 
first, second and third component signals are intraframe 
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averaged using a V-T comb filter- +-« 

V-T crosstab between the first c SUbStantla11 ^ -""--ate 

and third components. , L " " ^ 11,6 

/ aiiowmg the second and third 
component signals to be i lw 

<; easily, separated in the receiver- 

^ ^frame" " GURES " 16 i-u'trate he 

incratrame averaging of th P 

rnmn ^ . « a ox the first, . second and third 
component signals and their ™™k„- • 

encoded NTs/signal . C °"*"^xon to generate the 

10 decodino " " adVanta S eo ^ « the encoding and 

decodxng processes, the comb catering involved in the 
processing steps outlined above tends to reduce tne 
diagonal resolution of. the EDTV i., v 

128 l„ a f „ images shown on the display 

signal y. orL Tk «» 
toxgnaj. y produced bv the ci nn i« w 

q single channel decoder has * 

5 conventional NTSC video freguency spectrum up to 
approximately 1.5 MHz and has a f„„, 
characterized by alternating V I * SPeCtrUm 

MHz and 6.0 MHz ( i e the £ """^ 15 

filtered si ma ^ t" fre ^ enc y spectrum of a comb 

from th , FregUencles 6.0 „H 2 ar e absent 

irom the sicmal Y f Tn o^,-*.- . 1L 

Which is ^ to regenerate S° n ' ^ helP " 

signal from the trlnsmltced i^erlaTs^ "™ 1U " inanCe 

:i mit d to 750 llOTinanc :t^: t ::^' 7 :: r 
r l°Zi ;r y be — < — — inti^of 

components^ l""^ 1 .^' ^ T inf0rmati ° n 
KHz h e f nr0 k • S1 ^ a1 ' are each bandlimited to 600 

KHz before being split between the first and second 
component signals. since these 

fir.** , tnese signals, as parts of the 

first and second component signals, are subject to V-T 
filtering during intrafra™ averaging, the reproduced 
sisals i. and Q' exibit a freguency spectrum of 

como^lt" 9 T akS Va " eYS that " ^aracteristic of a 
comb filtered signal. 

As set forth above, each of the difference 
signals ay, AI and AQ are derived by subtracting ^ ^ 

L/F progressive scan signals x . and Q , produced hy ^ 

sxngl, channel, decoder 140 from the respective 1050 L/F 
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interlace scan signals Y, I and Q provided by the 
widescreen HDTV source 110. since there is a vertical 
displacement between the displayed location of lines from 
at least one field of the interlaced scan signals Y, I and 
:5 Q and the respective progressive scan signals Y«, l» and 
Q», each of the difference signals AY, Aland AQ may have 
significant amounts of energy at relatively low 
frequencies. 

Thus, the luminance difference signal AY may have 
10 energy in a frequency spectrum that ranges between 0 Hz and 
20 MHz and chrominance difference signals AI and AQ, may 
have energy in a frequency spectrum that ranges between 0 
Hz and 10 MHz. As described below, the auxiliary channel 
encoder 142 processes the signals AY, AI and AQ to produce 
15 the auxiliary video signal having a bandwidth of 6 MHz. 

Figure lb is a block diagram showing details of 
the widescreen HDTV. source 110 and the single channel 
signal encoder 114. The source 110 used in this embodiment 
of the invention includes a widescreen 1050 LPF interlace 
20 scan camera 10 which is synchronized to the encoder 114 by 
a composite synchronizing signal CCPS and a frame rate 
timing signal, .FT, generated by a studio timing signal 
generator 11. The camera 10, used in this embodiment of 
the invention, produces 525 lines of video information per 
25 field or, 1050 lines per frame. In each frame, iines of 
one field are interleaved with lines of the next field. 
Although only a 1050 L/F camera source is shown, it is 
contemplated that a 1050 L/F video tape recorder (VTR) or 
an 1125 L/F interlace scan camera or VTR may also be used 
30 as a source of the video signals Y, I, and Q. When an 112 5 
L/F source is used it may be desirable to reduce the number 
of lines per frame to 1050 by cropping the 1125 L/F image 
or by interpolation. - 

The camera 10 used in this embodiment of the 
35 invention is a 525 LPF progressive scan camera which is 
conditioned to shift the image it provides vertically by 
one-half of one line space from field to field. This image 
shift is accomplished by applying a frame rate (30 Hz) 
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square wave signal, FT, provided by the studio timing • 
signal generator 11, to a centering control of the camera 
-10. Responsive to the signal FT having one value (e.g 
logic-one), the camera 10, used in this embodiment of the 
5 invention, shifts the image down by ] one-half of one line 
period, m response to the other value of the signal FT 
the camera 10 restores the image to its original unshifted 
position. The timing of the signal provided by the camera 
is not affected by the shifting of the image. 

Red, green and blue (R, G, and B) primary color 
output signals generated .by the camera 10 are applied to a 
matrix 12 which converts the primary color signals into a 
luminance signal, YA, and color difference signals/ IA and 
OA. The signals YA, IA and QA are digitized by analog to 
digatal converters (ADCs) 14 which are controlled by a 
clock signal, Sxfsc, provided by the studio timing signal 
generator 11. The ADCs 14 provide the widescreen HDTV 
signals Y, I, and Q having a sampling frequency pf sixteen 
times the frequency, fsc, of the standard NTSC color 
subcarrier signal. 

The following is an overview of the encoding 
circuitry shown in FIGURE lb. The signals Y, I, and Q are 
applied to a 1050 interlace to 525 progressive scan 
converter 16. Output signals YF, IF and OF provided by the 
scan converter 16 are applied to progressive to interlace 
scan converters 17a, 17b and 17c which produce signals YF', 
IF- and QF * which are each 525 LPF interlace scan signals. 
The scan converter 17c also produces a field difference 
signal, YT, which is used to develop the helper signal. As 
set forth above, the helper signal is used by the single 
channel decoders 128 and 140 to generate 525 L/F 
progressive scan signals Y', I' and Q' from the received 
525 L/F interlaced scan signals. The signals YF', IF' and 
QF' are low pass filtered and applied to a side-center 
signal separator and processor 18 which separates the 
signals into respective side and center panel portions, 
separates the side panel portions into high and low 
frequency components, compresses the low frequency 
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components of the side panel signals and expands the center 
panel signals. Signals representing the expanded center 
panel, YE, IE and QE, and signals representing the 
compressed low frequency components of the side panels, YO, 
. IO, and QO, are combined by a side-center combiner 28 to! '' 
generate signals YN, IN and QN. These signals are applied 
to an NTSC encoder 31, the output of which is the first 
component signal, C/SL, of the single channel EDTV signal, 
described above. 

The high frequency components of the side panels, 
YH, IH and QH, provided by the separator and processor 18 
are applied to an NTSC encoder 60, the output signal of 
which is expanded in time by the circuitry 62. The output 
signal of the circuitry 62 is the second component signal, 
ESH, of the single channel EDTV signal described above. 

The signal YF' provided by the progressive to 
interlace scan converter 17c is band-pass filtered to 
between 5.0 MHz and 6.0 MHz by a filter 70, shifted in 
frequency to 0 MHz to 1 . 0 MHz by a modulator and low-pass 
filter 72 and compressed in time to coincide with the 
center panel portion of the first component signal by the 
format encoder. 74. The output signal of the encoder 74 is 
the third component of the EDTV signal. 

The second and third component signals are 
intraframe averaged by respective circuits 64 and 76 to 
produce signals X and Z The signals X and Z are compressed 
in amplitude and used, by circuitry 80, to modulate two 
quadrature phase related subcarrier signals, ASC and ASC. 
The output signal of the circuitry 80 is a signal M. The 
30 first component signal, C/SL, is intraframe averaged by 
circuitry 38 to produce a signal N, Signals M and N are 
combined by an adder 40 to generate the signal NTSCF. 

The field difference signal, YT, developed by the 
progressive to interlace scan converter 17c is mapped in 
35 time, by a format encoder 78, to have a format which 

corresponds to the first component signal. The. resulting 
signal is applied to a motion encoder and low-pass filter 
79 to generate the fourth component or helper signal, YTN . 
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The sxgnals NTSCF and YTN are converted to analog 
form by respective digital to analog converters (DACs) 54 
and 53. An analog switch 58 adds a composite 
synchronization signal, OCPS, generated by the studio 
5 timing signal generator 11, to the signal NTSCF. The 
signal provided by the switch 58 and the analog helper 
signal are applied to a radio frequency (R F ) quadrature 
modulator 57 which develops the first, component television 
signal. This signal is transmitted via the antenna 115 by 
10 a transmitter 55 

The following is a more detailed description of 
the circuitry shown in FIGURE lb. A studio timing signal 
generator 11 provides composite synchronization signals 
CCPS and OCPS for the 1050 LPF interlace scan camera 10 and 
for the 525 LPF interlace scan encoded output signal, MAIN 
^addition, the generator 11 provides clock signals 4xfsc, 
8xfsc and 16xfsc having respective frequencies of four 
eight and sixteen times the frequency of the NTSC color 
subcarrier signal, sampled data oscillatory signals ASC, ' 
ASC and fc, line rate signals Fs and H, and a frame rate 
signal FT. A switching signal SW is provided to control 
the insertion of the signal OCPS into the encoded output' 
signal MAIN. The circuitry 11 includes a conventional 
resonant crystal controlled oscillator which generates the 
25 clock signal 16xfsc. The circuitry 11 generates, from the 
signal 16xfsc, quadrature phase related alternate 
subcarrier signals, ASC and ASC, having a frequency, 3.1 
MHz, substantially equal to 395 times one-half the 
horizontal line scanning frequency, and a signal fc having 
^ a frequency substantially equal to 5 MHz, The signals ASC 
ASC and fc may be generated, for example by incrementing a 
counter (not shown) with the signal 16xfsc and applying the 
counter value to a read only memory (ROM) (not shown) that 
is programmed to provide sample values representing the 
35 three signals. In addition, the ROM may provide an output 
signal indicative of a predetermined pixel sampling time 
(H) or group of sampling times (Fs) on each horizontal line 
interval of the signal NTSCF. One of these signals may be 
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applied to a further counter (not shown) which is 
programmed to provide signals, such as the signal FT 
described below in reference to FIGURES 11a and lib, which 
occur at a frame or field rate. Exemplary apparatus for 
5 generating the various clock and timing signals is 

described in greater detail in a U.S. patent application 
Ser. No. 241,277 entitled "Video Signal Synchronization 
System as for an Extended Definition Television System 1 ' 
and hereby incorporated by reference. 

10 The widescreen HDTV signals Y # I and Q, provided 

- by the source 110, are applied to a 1050 interlace to 525 
progressive scan converter 16 which produces signals YF, IF 
and QF. The scan converter 16 is part of the single 
channel encoder 114. FIGURE 4 is a block diagram showing 

15 circuitry suitable for use in the scan converter 16. The 
circuitry shown in FIGURE 4 represents one of three 
channels (for Y, I, andQ, respectively) of the scan 
converter 16. The other two channels (not shown) may be 
identical to the one shown and are not described in detail. 

20 This circuitry interpolates sample values interstitial to 
the samples of the 1050 LPF interlace input signal and 
combines these interpolated samples with uninterpolated 
samples to generate a 525 LPF progressive scan signal at 
the output port of a divide-by- two circuitry 482. The 

25 interpolated samples developed by the scan converter 16 are 
derived by motion adaptive processing. In areas of the 
image which represent motion, the interpolated samples are 
developed from samples separated by one horizontal line 
interval (i.e. vertically averaged). In areas of the image 

30 that are still, the interpolated samples are developed from 
samples separated by one frame interval (i.ei temporally 
averaged). 

In FIGURE 4 the 1050 LPF interlace scan signal. is 
applied to a horizontal low-pass filter 438. The filter 
35 438 may average successive samples of the 16xfsc signals Y . 
I and Q to produce samples which may be subsampled by the 
signal 8xfsc without aliasing distortion. The signal 
produced by the filter 438 is applied to a 524 horizontal 
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line period (524 H) delay element 440 which is the first of 
four serially connected delay elements. The other three 
delay elements, 442, 444,. and 446 provide respective signal 
delays of 1 H, 1 H, and 524 H. The output signal of the 
delay element 442 is a reference signal. The output 
signals of the delay elements 440 and 444 are respectively 
advanced and delayed by 1 H relative to the reference 
signal. The input signal to the scan converter and the 
output signal of the delay element 446 are respectively 
advanced and delayed by one field period of the 1050 LPF 
interlace scan signal relative to the reference signal. 

The output signals of the delay elements 440 and 
444 are applied to respective input ports of a- multiplexer 
450. The multiplexer 450 is conditioned by the signal FT 
provided by the studio timing signal generator 11 to 
alternately provide the signal from the delay element 440 
and the signal from the delay element 444 during successive 
field intervals of the signal provided by the camera 10. 
The signal produced by the multiplexer 450 is combined with 
the reference signal, provided by the delay element 442, by 
an adder 458 and a subtracter 456. The output signal of the 
adder 458 is a .vertical average signal VAVG and the output 
signal of the subtracter 456 is a vertical difference 
signal VDIFF . The signals VAVG and VDIFF represent 
respective additive and subtractive combinations of the 
reference signal, which is delayed by 525 H with respect to 
the input signal, and a signal which is alternately delayed 
by 524 H and 526 H with respect to the input signal. The 
switching of the signal to be combined with the reference 
signal is controlled by the signal FT to track the shifting 
of the image by the camera 10. 

The input signal to the scan converter and the 
output signal of the delay element 446 . are combined in. an 
adder 460 and in a subtracter 462 to generate a temporal 
average signal TAVG and a temporal difference signal TDIFF. 
respectively. The temporal average signal, TAVG, and the 
temporal difference signal, TDIFF, always represent 
combinations of signals that are separated by 1050 H, one 
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frame interval . 

The signals VDIFF and TDIFF are applied to . a 
conventional motion detector 464, the output signal of 
which is applied to a conventional motion spreader 466. 
5 The detector 464 may include, for example, a comparator 
(not shown) which compares the relative magnitudes of the 
respective temporal difference arid vertical difference 
signals, TDIFF and VDIFF. In addition, the detector 464 
may include a horizontal low pass filter (not shown). The 
10 motion spreader 466 may include circuitry (not shown) which 
thresholds the motion signal provided by the detector 464 
and averages the thresholded signal in the horizontal, 
vertical and temporal directions to spread the boundaries 
of areas of the image which contain motion into areas that 
15 contain no motion. The motion signal is spread to mitigate 
any boundary effects in any motion adaptive processing 
which uses the motion signal. In general, treating a still 
area as a moving area creates fewer artifacts than treating 
a moving area as a still one. 
20 The motion spreader 466 provides motion 

indicative signals M and ( 1 - M) which are applied to 
respective multipliers 468 and 470. The multipliers 468 
and 470 are configured to scale the respective signals VAVG 
and TAVG by these motion indicative signals. The output 
25 signals provided by the .multipliers 468 and 470 are summed 
by an adder 472 to generate the interpolated signal. 

The signals M and (1 - M) are mutually 
supplementary fractional values*. The magnitude of M is 
directly proportional to the level of interfield motion 
30 among the video images represented by the reference signal 
and the field advanced and field delayed signals. Thus, 
when there is a high level of interfield motion in a 
portion of the displayed image, the interpolated signal for 
that portion has a relatively large component derived from 
35 the vertical average signal VAVG and only a small component 
derived from the temporal average signal TAVG. In- 
relatively still areas of the image, i.e. where the level 
of interfield motion is low, these proportions are 
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reversed. 

The switching between a vertical average and a 
temporal average in the presence or absence of interfield 
motion produces interpolated signals having full temporal 
5 resolution in moving portions of an image and full vertical 
resolution in still portions of the image.. The inventors 
have determined that this type of motion adaptive 
processing produces better results than either pure 
temporal or pure vertical interpolation. 

The output signal of the adder 472 is scaled by a 
factor of 'one-half in a divide-by-'two circuit 474 to 
produce a digital signal which occupies the same range of 
amplitude values as the signal applied to the scan 
converter 16. The output signal provided by the divide- 
by-two circuit 474 and the reference signal provided by the 
delay element 442 are applied to respective input ports of 
an adder 480, the output port of which is coupled to the 
input port of a divide-by-two circuit 482. The adder 480 
and divide-by-two circuit 482 form the average of sample 
values provided by the camera 10 and interpolated sample 
values which represent lines interstitial to the 1050 LPF 
interlace scan. image. Thus, the output signal provided by 
the circuit 482 may be thought of as an average of pairs of 
successive lines of a 1050 LPF progressive scan signal. 
25 The inventors have determined that this is a good 

approximation of a 525 LPF progressive scan signal. 

Referring to FIGURE lb, the 525 LPF progressive 
scan signals IF, OF and YF provided by the scan converter 
16 are applied to respectively different progressive scan 
to interlace scan converters 17a, 17b and 17c. Circuitry 
suitable for use as the converter 17c is shown in FIGURE 5a 
and circuitry suitable for use as either of the converters 
17a and 17b is shown in FIGURE 5b. 

The . scan converter shown in FIGURE 5a includes a 
signal averager formed by one-field (525 H) delay elements 
510 and 512, an adder 514 and a divide-by- two circuit 516. 
The signal provided by the signal averager is the average 
of the input signal, YF or B, and a signal A provided by 
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the delay element 512. These signals are separated by two 
field periods. This averaged signal is subtracted in a 
subtracter 518 from a signal X provided by the delay 
element 510 to produce the field difference signal YT. The 
signal X represents the field of video signal between the 
signals A and B. The signals X and YT are applied to 
separate poles of a switch 520. The wiper of switch 520 is 
controlled by a square wave signal Fs having a 
fifty-percent duty cycle and a frequency substantially 

ITlrt h ° riZOntal line scanning frequency defined by 

the NTSC standard. The signal Fs conditions the switch 520 
to alternately provide a line of samples of the signal X 
and a line of samples of the signal YT. These samples are 
written into a dual-port memory 522 responsive to the 
signal 8xfsc and read from the memory as signals YF • and 
YT, m parallel, responsive to the signal 4xfsc which has a 
frequency substantially equal to four times the color 
subcarrier frequency. The signal YF' is a 525 LPF 
interlace scan luminance signal . The signal YT is used to 
develop the helper signal which is described above in 
reference to FIGURE 2a. 

The scan converter shown in FIGURE 5b includes a 
one-field compensating delay 530 and a dual-port memory ' 
532. Delayed samples of the signals IF or QF are stored 
into, and read from the memory 532 responsive to the 
respective signals Sxfsc and 4xfsc. The output signal of 
the memory 532 is a 525 LPF interlace scan signal IF' or 
QF' that is in proper time relationship with the signal 
YF 1 . 

•Referring to FIGURE lb, the signals IF', qf- and 
YF- provided by the respective scan converters 17a, 17b 
and 17c are applied to respective low-pass filters 19a,' 19b 
and 19c The filters 19a and 19b reduce the horizontal 
bandwidth of the signals IF- and QF' to 500 KHz . The 
filter 19c reduces the horizontal bandwidth of the signal 
YF- to 5 MHz. The output signals, IF", QF" and YF" 
provided by the respective low-pass filters 19a, 19b and 
19c are applied to a side-center signal separator and 
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processor 18. Details of the processor 18 are shown in 
FIGURES 6, 7 and 8. 

FIGURE 6 is a block diagram of a portion of the 
processor 18 which separates the luminance signal YF" into 
5 •: a signal YE representing time expanded center panel pixels, 
a signal YO representing time compressed side panel 
pixels, and a signal YH representing high frequency 
components of the side panel pixels. The signals YE and YO 
are used to form the first component of the encoded EDTV 
signal and the signal YH is used to form the second 
component signal . 

In FIGURE 6, a low-pass filter 610 filters the 
signal YF" to provide a signal YL which occupies a band of 
frequencies' between 0 Hz and 700 KHz . The signal YL is 
subtracted from a delayed signal YF" by a subtracter 612 to 
generate a signal YHO which occupies a band of frequencies 
between 700 KHz and 5 MHz . The delayed signal YF", the 
signal YHO and the signal YL are applied to demultiplexing 
circuitry 616. The circuitry 616, which is described below 
in reference to FIGURE 8, passes the portion of the signal 
YF" corresponding to the center panel of the image as a 
signal YC and the portions of the signals YHO and YL 
corresponding to the side panel portions of the image as 
the respective signals YH and YL* . The signal YC is 
expanded in time, as illustrated in FIGURE 2, by time 
expander circuitry 622 to provide a signal YE which has a 
bandwidth of 4.2 MHz. The signal YL' is compressed in 
time, also as illustrated in FIGURE 2, by circuitry 628 to 
provide a signal YO which has a bandwidth of 4.2 MHz. The 
time expander 622 and the time compressor 628 may be 
realized by circuitry described below in reference to 
FIGURES 12 and 12a through 12d. 

The circuitry shown in FIGURE 7 is identical to 
that shown in FIGURE 6 except that the pass-band of the 
35 low-pass filter 710 is from 0 Hz to 83 KHz instead of from 
0 Hz to 700 KHz for the filter 610 of FIGURE 6 to which it 
corresponds. 

FIGURE 8 is a block diagram of demultiplexing 



20 



25 



30 



10 



15 



WO 89/08366 PCT/US89/00452 

-22- 

circuitry which may be used as the demultiplexer 716 of 
FIGURE 7 or, as illustrated, the demultiplexer 616 of 
FIGURE 6. The circuitry shown in FIGURE 8 includes three 
multiplexers 810, 812, and 814, each of which is coupled to 
5 a respective count comparator circuit 817, 818, and 820. 
Each of these count comparator circuits is coupled to 
receive a count value from a counter' 822. The counter 822 
is clocked by the signal 4xfsc. The counter 822 is reset 
by a signal H, provided by the studio timing signal 
generator 11, which occurs once per horizontal line period 
to indicate the position of the first image sample on each 
line. 

In response to count values from 1 to 84 and from 
671 to 754, the count comparators 817 and 820 condition the 
respective multiplexers 810 and 814 to pass the signals YH0 
and YL, respectively. The multiplexers 810 and 814 pass a 
blanking signal, BLK, in response to all other count 
values. In the same manner, the count comparator 818 
conditions the multiplexer 812 to pass the signal YF" for 
count values between 75 and 680 and to pass the blanking 
signal otherwise. The center and side panel pixels are 
overlapped by, for example, ten samples as illustrated in 
the waveform diagram of FIGURE 8 to aid in the 
reconstruction of the widescreen EDTV signal at the decoder 
25 (described below) . 

As set forth above, the time expanders 622 and 
722 and the time compressors 628 and 728 may be realized by 
circuitry such as that shown in FIGURE 12. The circuitry 
shown in FIGURE 12 utilizes four dual port memories 1216a 
through 1216d to time expand (by repeating samples) or time 
compress (by deleting samples) a sequence of pixel values. - 
The circuitry shown in FIGURE 12 further includes a pair of 
peaking filters 1220 and 1222 to amplify the high frequency 
components of the signals provided by the dual port 
35 memories and a two point linear interpolator 1230 -to 

combine the peaked signals to develop the time expanded or 
time compressed video signals. The peaking filters 1220 and 
1222 compensate for the low-pass filtering which is 
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inherent in the two-point linear interpolation. A pixel 
counter 1210 and two programmable read only memories 
(PROMs) 1212 and 1225 control the circuitry shown in FIGURE 
12. By appropriate programming of the PROMS. 1212 and 1225 
5 the circuitry in FipURE 12 may be used to realize a variety 
of expansion and compression factors. 

In operation, a video input signal, s, which may 
be, for example, the signal YC provided' by the 
demultiplexer 616 of FIGURE 6, is applied to the dual-port 
memory 1216a and to three serially connected delay elements 
1214a, 1214b and 1214c. The output signals of the delay 
elements 1214a, 1214b and 1214c are applied to input ports 
of the respective dual port memories 1216b, 1216c and 
1216d. A write address signal, M, for the memories 
15 1216a-1216d is provided by the pixel counter 1210. The 

signal 'M is also applied to the PROM 1212 which generates a 
read address signal, N, for the memories 1216a-1216d and an 
interpolation factor DX which is applied to the two-point 
linear interpolator 1230 and to the PROM 1225. If the 
20 circuitry shown in FIGURE 12 is used to time-expand a 

signal, the PROM 1212 is programmed to produce the read 
address signal, N, which increases in value more slowly 
than the signal M. This causes the memories 1216a-1216d to 
repeat sample values. if, on the other hand, the circuitry 
is used to time-compress a signal, the read address signal 
N increases in value at a rate greater than the signal M. 
This causes the memories 1216a-1216d to skip over sample 
values. The PROM 1225 may be programmed, as illustrated in 
FIGURE 12d to change the peaking factor, PX, applied to the 
peaking filters 1220 and 1222 in response to different 
interpolation factors. 

FIGURE 12b shows details of the peaking filters 
1220 and 1222 and of the two-point linear interpolator 
1230. FIGURE 12c shows details of a high-pass filter 1240 
35 used in the peaking filter 1220, an identical filter is 
used in the peaking filter 1222. 

Referring to FIGURE lb, the separated and time- 
expanded center panel, signals IE, QE, and YE and the 
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separated and time-compressed side panel signals IO, QO and 
YO provided by the processor 18 are applied to a side- 
center combiner 28 . * The combiner 28 may include a counter 
(not shown) which is reset by the signal H and which is 
5 clocked by the signal 4xfsc. The count; value signal 

produced by this counter is applied to a multiplexer (not 
shown) which combines the signals YE and YO as illustrated 
in FIGURE 3a to generate an output signal YN. The combiner 
28 includes circuitry (not shown) of the same type to 
10 combine the signals IE and IO to generate the signal IN, 

and to combine the signals QE and QO to generate the signal 
QN. 

The signals YN, IN and QN provided by the 
combiner 28 are applied to an NTSC encoder 31. The encoder 

15 31 includes a horizontal-vertical-temporal (HVT) filter 34 
which processes the signal YN through a comb filter 
transfer function that removes- spectral components of the 
luminance signal which may be confounded with the modulated 
color subcarrier signal and the modulated alternate 

20 subcarrier signal. The output signal of the HVT filter 34 
is a signal YP. The color difference signals, IN and QN 
are applied to -a quadrature modulator 30 which, responsive 
to the clock signal 4xfsc, develops an NTSC chrominance 
signal, CN. The signal CN is applied to a 

25 vertical-temporal (VT) filter 32 which comb filters the 
signal CN to remove spectral components corresponding to 
the modulated alternate subcarrier and to high-frequency 
luminance signals. The output signal of the filter 32 is a 
signal CP. The signals CP and YP are additively combined 

30 by a signal combiner 36 to generate a signal C/SL, the 
first component signal of the encoded EDTV signal. 

FIGURE 9 is a block diagram showing additional 
details of the NTSC encoder 31. In FIGURE 9, a pair of 
latches 910 and 912 are responsive to the clock signals 

35 2xfsc and 4xfsc to time division multiplex the signals IN 

and QN into a signal which alternates I and Q samples. The 
circle at the input of the latch 910 indicates that it is 
responsive to the inverse of the clock signal 2xfsc: The 
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- signal provided by the latches 910 and 912 is applied to a 
second pair of latches 914 and 916 which change the 
polarity of. alternate pairs of samples, as indicated in the 
FIGURE 9 to produce the signal CN. The signal CN is 
5 applied to the VT bandpass filter 32. The signals 4xfsc, 
2xfsc and fsc are provided by the studio timing signal 
. generator 11. 

FIGURE 10 is a block diagram of an FIR filter 
suitable for use as the filter 32. The filter- shown in 
10 FIGURE 10 uses samples from four successive fields to 

generate its output signal. Each of the nine taps of the 
filter is multiplied by a respective filter coefficient 
value al through a9. FIGURE 10a is a chart of coefficient 
values which may be used to configure the filter shown in 
FIGURE 10 as the VT bandpass filter' 32 or as a VT bandstop 
filter such as that used in the HVT bandpass filter 34. 

FIGURE 10b is a block diagram of a filter 
suitable for use as the HVT bandstop filter 34. In 
actuality, the filter 34 has a flat frequency response 
20 characteristic from 0 Hz to 1.5 MHz, and a comb-type 

frequency response characteristic from 1.5 MHz to 4.2 MHz. 
The nulls in the comb characteristic are placed to 
substantially block components of the signal YN that may 
appear as crosstalk in the modulated chrominance signal. 
25 In FIGURE 10b, the signal YN is applied to a horizontal low 
pass filter 1020 which has a passband from 0 Hz to 1.5 MHz . 
The output signal of the filter 1020 is subtracted from the 
signal YN provided by a compensating delay element 1022 to 
produce a high-pass filtered luminance signal. This 
30 high-pass filtered luminance signal is applied to a VT 
bandstop filter 1021, such as that described above in 
reference to FIGURES 10 and 10a. The output signal of the 
VT bandstop filter 1024 is combined with the low-pass 
filtered luminance signal as provided by a compensating 
35 delay element 1024 to produce the output signal YP. As 

shown in FIGURE 9, the signal YP and the signal CP provided 
by the VT bandpass filter. 32 are additively combined by a 
combiner 36 to produce the first component signal C/SL. 
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Referring to FIGURE lb, the signals IH, QH and Yh 
provided by the side-center signal separator and processor 
18, which represent the high frequency components of the 
side panels of the widescreen image/ are applied to an NTSC 
5 encoder 60. The encoder 60 may be the same as j the NTSC 
encoder 31 described above. The output signal \ . NTSCH, of 
the encoder 60 is applied to a time expander circuit 62 
which expands the side panel high frequency signals as 
indicated in FIGURE 3c to develop a signal ESH which 
10 occupies a portion of a horizontal line time that 

corresponds to the center panel portion of the signal C/SL. 
The time expander 62 may be realized by circuitry such as 
that described above in reference to FIGURES 12, and 12a 
through 12d. The signal ESH is the second component signal 
15 of the widescreen EDTV signal . 

The luminance signal YF 1 provided by the 
progressive to interlace scan converter 17c is applied to a 
band-pass filter 70 which passes frequencies in a range 
from 5 MHz to 6.0 MHz to an amplitude modulator and low- 
20 pass filter 72. The modulator 72, which may be of 

conventional design, heterodynes the signal provided by the 
band-pass filter 70 .with a sampled data sinusoidal signal, 
fc, having a frequency substantially equal to 5 MHz. The 
signal fc is provided by the studio timing signal generator 
25 11. The circuitry 72 includes a low pass filter which 

substantially removes the baseband signal and modulation 
signal components above 1.0 MHz. The operation performed 
by the circuitry 72 is essentially a frequency shifting of 
the high frequency luminance information from the 5-6.0 
30 Mhz band to a 0 - 1 . 0 MHz band. The signal provided by the 
modulator and low-pass filter 72 is applied to a format 
encoder 74 which compresses the signal in time to occupy 
the portion of a horizontal line period that . corresponds to 
the center panel portion of the signal C/SL. 
35 The signal C/SL provided by the NTSC encoder 31. 

the signal ESH provided by the time expander 62 and the 
signal provided by the format encoder 74 are intraframe 
averaged by respective intraframe averaging circuits 38, c-; 
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and 76. The process of intraframe averaging makes the 
sxgnals in each of the two fields of any frame identical 
This process is important to allow the second and third 
component signals to be combined with the first component 
5 sxgnal to xn a manner that allows the various component 
signals of the widescreen EDTV signal to be readily 
separated by an EDTV decoder. 

As set forth above, the signal C/SL is intraframe 
averaged onxy for freguency components above 1 . 5 MHz and 
10 only in the center panel region. The components at 

frequencies less than 1.5 MHz and in the' side panel regions 
are not xntraframe averaged to preserve vertical and 
temporal detail in the reconstituted image. FIGURE lib is a 
block diagram of circuitry suitable for use as the highs 
15 xntraframe averager 38. m FIGURE lib, an input signal IN 
xn this instance the signal C/SL, is applied to a pair of 
serially connected, one-field (262 H) delay elements 1120 
and 1122. The output signal, Yl+Cl, of the delay element 
1120 xs applied to one input port of an averaging circuit 
1128,- the other input port of which is coupled to receive 
exther the input signal, Y2+C2, or the output signal of the 
delay element 1122 via a multiplexer 1125. The multiplexer 
1125 is conditioned by a frame rate signal, Fs, applied to 
xts control input port, to provide the signal Y2+C2 during 
one field of a frame and to provide the output signal of 
the delay element 1122 during the other field of the frame. 
The multiplexer 1125 always provides a signal which is in 
the same frame as the signal Yl+Cl provided by the delay 
element 1120. 

The averaging circuitry 1128 scales the signal 
Yl+Cl by a factor of -1/2, scales the signal provided by 
the multiplexer 1125 by 1/2 and sums the scaled signals. 
The signal provided by the averaging circuitry 1128 is 
high-pass filtered by a filter 1130 to substantially remove 
components having frequencies less than. 1.5 MHz. The 
output signal of the filter 1130 is applied to a gate 1132. 
The gate 1132 is controlled by a control signal which may. 
for example, be generated by circuitry which includes a 
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pixel counter (not shown) and a decoder (not shown), to 
pass the signal provided by the filter 1130 only during the 
center panel portion of * the signal applied to the gate. 
The output signal of the gate 1132 is applied to one input 
5 port of an adder 1134. The other input port of the adder 

1134 is coupled to receive the signal Yl+Cl provided by the 
delay element 1120. The output signal of the adder 1134 is 
the signal N shown in FIGURE lb, the output signal of the 
highs intraframe averager 38. 

1° Circuitry suitable for use as either of the 

intraframe averagers 64 or 76 is shown in FIGURE 11a. In 
FIGURE 11A, a signal IN, which in' this instance is the - 
signal ESH is applied to a pair of serially connected delay 
elements 1110 and 1112. The output signal of the delay 

15 element 1110, Yl+Cl, is applied to one input port of an 
averaging circuit 1118 and the input signal, IN, . or the 
output signal of the delay element 1112 is applied to the 
other input port of the circuit 1118 via a multiplexer 
1115. The multiplexer 1115 is conditioned by a field rate 

20 (30 Hz) switching signal Fs to alternately pass the signal 
IN and the output signal of the delay element 112 during 
alternate field intervals of the input signal. The signal 
provided by the multiplexer 1115 is always in the same 
frame interval as the signal Yl+Cl provided by the delay 

25 element 1110. The averaging circuitry 1118 scales each of 
its input signals by a factor of one-half and sums the 
resultant signals to generate an intra- frame averaged 
output signal. 

Referring to FIGURE lb, the output signal of the 

30 highs intraframe averager 38 is applied to one input port 
of an adder. 40. The output signals X and Z of the 
respective intraframe averagers 64 and 76 are compressed in 
amplitude and used, by the modulator 80, to modulate the 
quadrature phase related alternate subcarrier signals ASC 

35 and ASC 1 to produce the signal M . The signal M is applied 
to a second input port of the adder 40. The output signal. 
NTSCF, of the adder 40 is the combined first, second and 
third component signals of the widescreen EDTV signal. The 
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signal NTSCF is applied to a digital to analog converter 
(DAC) 54. 

FIGURE 13 is a block diagram of circuitry 
suxtable for use as the modulator 80. m FIGURE 13, the 
5 sxgnals X and Z provided by the \ respective intraframe 

averagers 64 and 76 are applied to respective PROMs 1310 
and 1312. Each of the PROMs 1310 and 1312 is programmed 
with an amplitude compression function an example of which 
as illustrated by the graphical input-output function 
10 adjacent to the PROM 1312. The output signals of the 

respective PROMs 1310 and 1312 are applied to respective 
first input ports of multipliers 1314 and 1316, 
respectively. a second input port of the multiplier 1314 
is coupled to receive the alternate subcarrier signal ASC 
15 and a second input port of the multiplier 1316 is coupled 
to receive the alternate subcarrier signal ASC. The 
signals ASC and ASC 1 are provided by the studio timing 
signal generator 11. The output signals of the multipliers 
1314 and 1316 are summed by an adder 1320 to produce the 
20 quadrature modulated output signal M. 

• Referring to FIGURE lb, the frame difference 
signal YT provided by the progressive to interlace scan 
converter 17c is applied to the format encoder 78. The 
format encoder 78 may include circuitry of the type 
described above in reference to FIGURES 12 and 12a-12d. 
The encoder 78 expands the center panel portion of the 
signal YT and compresses the side panel portions as 
illustrated in FIGURE If. The signal provided by the ' 
format encoder 78 is applied to a motion encoder and low- 
30 pass filter 79. Exemplary circuitry for use as the motion 
encoder and low-pass filter 79 is shown in FIGURE 23. 

The motion encoder of the circuitry 79 translates 
variations in the signal YT which represent image motion by 
+10 IRE or -10 IRE depending on whether the signal is 
positive or negative respectively. This translation 
enhances the performance of the decoded signal YT at the 
receiver when there is a significant amount of noise in the 
transmission channel between the transmitter and the 
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receiver. The use of this motion encoded "helper" signal 
is described below in reference to. FIGURES 22 and 27. 

In the circuitry shown in FIGURE 23, the signal 
provided by the format encoder 78 is applied to one input 
port of an adder 2368 and to a comparator 2364. The I 
comparator 23 64 generates an output signal which indicates 
whether the signal provided by the format encoder 78 is 
positive, negative or zero-valued. The signal generated by 
the comparator 2364 conditions a multiplexer 2366 to pass a 
digital value representing 10 IRE units, -10 IRE units or 0 
IRE units if the helper signal is positive, negative or 
zero-valued, respectively. The signal provided by the 
multiplexer 2366 is applied to a second input port of the 
adder 2368. The output signal of the adder 2368 is applied 
15 to a low-pass filter 2378 which has a passband from 0 Hz to 
750 KHz. The output signal of the filter 2378 is the 
output signal YTN of the circuitry 79. This signal is 
applied to a DAC 53 shown in FIGURE lb. 

The DACs 53 and 54 develop analog versions of the 
20 respective signals YTN and NTSCF. The signal provided by 
the DAC 54 is applied to an analog switch 58 which is 
controlled by a signal SW provided by the studio timing 
signal generator 11 to insert a composite synchronization 
signal OCPS, also provided by the generator 11, into 
horizontal and vertical blanking intervals of .the analog 
NTSCF signal. Although the signal OCPS is shown as an 
analog signal it is contemplated that a digital signal OCPS 
may be used. In this instance, the analog switch 58 would 
be replaced by a conventional two-input multiplexer which 
would be positioned between the adder 40 and the DAC 54. 

The output signal of the switch 58 is applied to . 
one input terminal of a radio frequency (RF) quadrature 
modulator 57. Another input terminal of the modulator 57 
is coupled to receive the helper signal, the analog version 
35 of the signal YTN provided by the DAC 53. The modulator- 57 
produces a vestigial sideband television signal, MAIN, havirv 
the signal NTSCF as its in-phase component and the helper 
signal as its quadrature phase component. The signal 
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' ' ITltll 7 the .r dUlat ° r 57 15 a PP^ed to the transmitter 
55 which transmits the signal via the antenna 115. 

th. • 1 A \ Sh ° Wn in FIGU ^ 1, the signal MAIN provided by 
the single channel encoder 114 is aooli^, + n ° Y 

c ■ . • tJ -^ 15 applied to a single 

5 channel decoder 14.0 ri^.,,-*. . 

oaer i.o. Circuitry suitable for use as the 

decoder 140 is shown in FIGURE 14. In an overview J its 
operation, the decoder shown in FIGURE 14 demodulates the 
signal main to recover its in-phase and guadrature phase 
components, NTSCF and YTN, respectively. The signal NTSCF 
10 is processed to recover the f irst/ second and ^ 

component signals. These signals are further decoded and 
compressed or expanded, as appropriate and combined to 
generate a luminance signal YF ' and color difference 
signals IF- and QF all of which are 525 LPF interlace 

15 scan signals. The helper sicmal vtm c •. 

. . S1 ynai, YTN, is also decoded and 

used to convert the si g „ al y F . to a 525 LpF progressiv£ 

SCM S19nal - The color difference signals lr , and QF , „ e 

Pr ° 9reSSiVe *o»-t "ithout assistance 

trom the helper . sicmal Final It, 

^ xyxidi. finally, the progressive scan 

vTl anT Q ? F SF COnV£rted t0 1,16 ™^ 

unit ,^, FIG T Si9nal MAI " " ap P lied *— » -P" 

(RF) tuner and amplifier circuit, a synchronous video 
demodulator which extracts, the in-phase and guadrature 
Phase modulation components of the received video signal 
" " anal ° 9 " to-digital- converter (ADC ) . The signal NTSCF 
provided by the ADC of the input unit 1422 represents the 
in-phase modulation component of the signal MAIN; the 
srgnal YTN represents the guadrature phase modulation 
components : 

The signal NTSCF is applied to synchronizing 
signal separation and clock signal generation circuitry 
1432. The circuirty 1432 includes conventional circuitry 
which separates the horizontal and vertical synchronizing 
signals, HS and VS, respectively, from the signal NTSCH and " 
combines the signals. HS and VS to generate a composite 
synchronizing signal, cs . The circuitry 1432 also include. 
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a conventional phase locked loop (PLL) which generates two 
clock signals, CK4 and CK8, having respective frequencies 
of 4xfsc and 8xfsc, four times and eight times the 
frequency, fsc, of the color synchronizing burst signal 
component of the signal NTSCH. The circuitry 1432 
generates, from the signal CK4, quadrature phase related 
alternate subcarrier signals, ASC and ASC » , having a 
frequency substantially equal to 3 . 1 MHz , 395 times 
one-half the horizontal ' line scanning frequency, and a 
signal fc having a frequency substantially equal to 5 MHz. 
The signals ASC, ASC * and fc may be generated, for example 
by incrementing a counter (not shown) with the signal CK4 " 
and applying the counter value to a read only memory (ROM) 
(not shown) that is programmed to provide sample values 
15 representing the three signals. In addition, the ROM may 
provide an output signal H indicative of a predetermined 
pixel sampling time on each horizontal line interval of the 
signal NTSCF. This signal may be applied to a further 
counter (not shown) which is programmed to provide signals, 
such as FS described below in reference to FIGURES 15 and 
16, which occur at a frame or field rate. Exemplary 
circuitry for generating the various clock and timing 
signals in the receiver is described in greater detail in 
the above-referenced U.S. patent application Serial No. 
25 241,277. 

The signal NTSCF provided by the input unit 1422 is 
also applied to intraframe averager-dif ferencer circuitry 
1424. The circuitry 1424 generates average pixel values 
and pixel difference values for corresponding pixels in two 

30 fields which constitute a frame. The average pixel values 
are the output . signal N, which corresponds to the first 
component of the EDTV signal, and the pixel difference 
values are the output signal M which corresponds to the 
modulated second and third components of the widescreen 

35 EDTV signal. FIGURES 15 and 16 are block diagrams showing 
circuitry suitable for use as the intraframe 
averager-dif ferencer 1424. FIGURE 15 illustrates the 
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operation of the circuitry 1424 during the first field of a 
frame and FIGURE 16 illustrates the operation of the 
circuitry during .the second field of a frame. 

In FIGURES 15 and 16, the signal NTSCF, as an 
5 input signal IN, is applied to two serially connected delay 
elements 1520 and 1522. The delay elements 1520 and 1522 
each provide a time delay substantially equal to one field 
period (262H). The signal IN and the output signal of the 
delay element 1522 are applied to respectively different 
10 input ports of a multiplexer 1525. The multiplexer 1525 is 
conditioned by a frame rate signal FS, provided by the 
timing signal generator 1432, to pass its two input 
signals during alternate field intervals of the signal 
MAIN. The signal provided by the multiplexer 1525 is 
15 always in the same frame as the signal provided by the 
delay element 1520 . The signal provided by the delay 
element 1520 and the signal provided by the multiplexer 
1525 are applied to an averaging circuit 1528. 

The circuit 1528 scales the signals provided by 
20 the delay element 1520 and the multiplexer 1525 by 

respective factors of -1/2 and 1/2 and sums the scaled 
signals. This operation cancels any components of the 
signal NTSCH that are common between the two fields which 
constitute a frame, i.e. first component signals of the 
25 widescreen EDTV signal having frequencies greater than 1.5 
MHz. Output signals of the averaging circuitry 1528 are 
applied to a horizontal high-pass filter 1530 which 
substantially removes the first component signals having 
frequencies less than 1.7 MHz. The signals provided by the 
30 • filter 1530 are passed through a gate 1532 which is 

controlled by a signal CS provided by the timing signal 
generator 1432. The signal CS conditions the gate 1532 to 
pass only the center panel portion of the signal provided 
by the filter 1530. This portion is an inverted version of 
35 the signal M, the quadrature modulated second and third 
component signals of the widescreen EDTV signal. The 
signal provided by the gate 1532- is added, by an adder 
1534, to the signal provided by the delay element 1520 to 
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produce the first component signal, N, and complemented by 
circuitry. 1535 to produce the signal M. 

Referring to FIGURE 14, the signal M provided by 
the circuitry 1424 is applied to guadrature demodulator and 
5 amplitude expander; circuitry 1426. The circuitry 1426 
guadrature demodulates the signal M and expands the 
amplitude of the resultant in-phase and guadrature phase 
signals to recover the respective second and third 
components of the EDTV signal. FIGURE 17 is a block 
10 diagram of circuitry suitable for use as the guadrature 
demodulator and amplitude expander circuitry 1426. 

In FIGURE 17, the signal M is multiplied by the 
signals ASC and ASC' in respective multipliers 1710 and 
1712. The output signals of the multipliers 1710 and 1712 
15 are applied to respective low-pass filters 1713 and 1715 
which substantially remove the signal M and any high 
freguency modulation components. The output signals of the 
filters 1713 and 1715 are applied to respective 
programmable read only memories (PROMs) 1714 and 1716. The 
20 PROMS 1714 and 1716 are programmed with an amplitude 

expansion function that is the inverse of the amplitude 
compression function that was used in the encoder to 
psycho-physically hide the second and third component 
signals in the compatible composite signal. The output 
25 signal, X, of the PROM 1714 is the decoded . second component 
signal, the expanded high freguency components of the side 
panel signals. The output signal, Z, of the PROM 1716 is 
the decoded third component signal, the freguency shifted 
. high freguency luminance signal components of the wideband 
30 widescreen EDTV signal. 

Referring to FIGURE 14, the signal X is applied 
to side panel compressor circuitry 1428 which effectively 
reverses the expansion of the side panel data performed by 
the encoder circuitry. This operation produces a signal 
35 NTSCH, which represents the high freguency components of 
the side panel signals, restored to their proper time 
relationship with a time compressed center panel signal 
developed by a Y-I-Q format encoder 1444, described below 
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in reference to FIGURE 19. The compressor circuitry 1428 
may be realized by circuitry of the type described, above in 
reference to FIGURES 12 and 12a-12d. 

The signal NTSCH is developed from the exoanded 
5 side panel data in the second component signal, X, of the 
EDTV signal using a compression factor of 0.22. The signal 
NTSCH is applied to luminance-chrominance separation 
circuitry 1440 which separates the luminance (YH) and 
chrominance components of the signal NTSCH and demodulates 
10 the chrominance signal . component to obtain two color 

difference signal components (IH and QH) . The 'signals YH 
IH and QH are applied to the Y-I-Q format decoder 1444 
along with signals YN, IN and QN developed from the first 
component signal, N, by luminance-chrominance separation 
15 circuitry 1442. The circuitry 1440 and 1442 may be 

identical; exemplary circuitry is shown in FIGURE 18. 

In FIGURE 18, the signal N or the signal NTSCH is 
applied to a band-pass filter 1810 and to a delay element 
1812 which compensates for the processing delay through the 
20 filter 1810. The filter 1810 used in this embodiment of 
the invention is a horizontal-vertical-temporal (H-V-T) 
band-pass filter. Exemplary circuitry for use as the HVT 
filter 1810 is shown in FIGURE 10c. This filter includes a 
horizontal bandpass filter 1030 having a passband from 3 
MHz to 4.2 MHz and a VT bandpass filter 1031 which is 
defined by the FIR filter shown in FIGURE 10 and the 
coefficient values shown in FIGURE 10a. The output signal 
of the filter 1810 is a separated chrominance signal. This 
signal is applied to the subtrahend input port of a 
subtracter 1814, the minuend input port of which is coupled 
to receive the signal provided by the compensating delay 
element 1812. The output signal of the subtracter 1814 is 
the luminance component signal, YN or YH. 

The chrominance signal developed by the filter 
1810 may be represented as a sequence of sample values, I. 
Q> -I, -Q, I, Q etc. where I and Q indicate samples of the 
I and Q color difference signals, and the signs of the 
samples indicate sampling phase, not necessarily sample 
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polarity. This chrominance signal is applied to first and 
second latches 1815 and 1816. The latch 1815 is responsive 
to the I -phase clock signal, TCK, provided by the clock 
generation circuitry 1432 of FIGURE 14, to hold sample " 
5 values of the chrominance signal that represent the I color 
difference signal component of the chrominance signal. The 
latch 1816 is responsive to an inverted version of the 
signal ICK, provided by an inverter 1822, to hold samole 
values representing the Q color difference signal component 
10 of the chrominance signal. The output signals provided by 
the latches 1815 and 1816 are applied to respective twos 
complementing circuits 1818 and 1820. The circuits 1818 
and 1820 are controlled by a signal provided by a frequency 
divider 1824 to complement alternate ones of the sampled 
15 data I and Q color difference signals. The signals 

provided by the circuits 1818 and 1820 are the demodulated 
signals IN or IH and ON or QH, respectively. 

As set forth above, the signals YH, YN, IH, IN, 
QH and ON are applied to a Y-I-Q format decoder 1444 where 
20 they are combined to form widescreen signals YF Q , IF' and 
OF'. Exemplary circuitry which may be used as the format 
decoder 1444 is shown in FIGURE 19. In FIGURE 19, the 
first component luminance and color difference signals, YN. 
IN and ON, are applied to side panel - center panel 
15 separator circuitry 1940. The circuitry 1940, which may, 
for example, include a demultiplexer (not shown) and a 
pixel counter (not shown) separates pixel values on each 
line that represent the low frequency components of the 
side panel signals from the samples that represent the 
0 center panel signal. In this embodiment of the invention, 
samples 1-14 and 741 to 754 represent the side panel signal 
while samples 15 to 740 represent the center panel signal. 

The circuitry 1940 provides sampled data signals. 
Y0, 10, and Q0, representing the side panels are applied to 
a time expander 1942 which expands the signal in time by a 
factor of 6 to produce signals YL, IL and QL which 
represent the low frequency components of the side panel 
signals, restored to their proper time relationship. Thes-r 
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signals are added in combiner circuitry 1946 to the signals 
YH, IH and QH to generate the restored side panel signals 
YS, IS and QS . • ' 

The circuitry 1940 also provides sampled data 
5 signals YE, IE, and QE which represent . the time-exp'anded 
center panel portion of the first component of. the EDTV 
signal. These signals are applied to a time compressor 
1944 which compresses the sampled data signals in time by a 
factor of 0.81 to generate restored center panel signals 
10 YC, IC and QC. 

The restored side and center panel . signals are 
recombined by a splicer 1960 to generate widescreen 
luminance (YF» ) and color difference signals (IF» and QF'). 
Circuitry suitable for use as the splicer 1960 is shown in 
15 FIGURE 19a. In FIGURE 19a, the splicer is shown as 

including a network 1910 for splicing the luminance center 
panel and side" panel signals, YC and YL, respectively to 
generate the widescreen luminance signal, YF Q . In 
addition, FIGURE 19a shows an I signal splicer 1920 and a Q 
20 signal splicer 1930 which have the same structure and 
operation as the illustrated Y signal splicer. 

In the encoding operation, the center panel and 
side panel signals are purposely overlapped by, for example 
ten samples, to compensate for corruption of sample values 
at the boundaries of the side and center panel regions 
which may occur in the expansion and compression processes. 
If the panels did not have an overlap region, the corrupted 
samples would be abutted against each other and a seam 
would be visible in the reproduced image. An overlap 
region of ten samples. has been found sufficient to 
compensate for up to five corrupted sample values. 

In FIGURE 19a, a multiplier 1911 multiplies the 
side panel signal YS by a weighting function W in the 
overlap regions, as illustrated by the associated waveform. 
35 before signal YC is applied to an adder 1915. Similarly, a 
multiplier 1912 multiplies the center panel signal YC by a 
complementary weighting function (l.-W) in the overlap 
regions, as illustrated by its associated waveform, before 
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the .signal YC is applied to the adder 1915. These 
weighting functions exhibit a linear ramp-type 
characteristic over the overlap regions and have values 
between 0 and 1 . They may be realized, for examole bv a 
combination of a sample counter (not shown) which addresses 
a ROM (not shown) containing sample values representing the 
weighting functions. The output signal of the adder 1915 
is the spliced widescreen luminance signal YF 1 

Referring to FIGURE 14, the signal 2, provided by 
the quadrature demodulator and amplitude expander 1426, is 
applied to a time expander 1430. The time expander 1430 
which may be realized by circuitry such as that described 
above in reference to FIGURES 12 and 12a-12d, expands the 
signal z, the third component signal of the widescreen EDTV 
signal, to occupy the full active video portion of the 
horizontal line interval. The signal provided by the time 
expander 1430 is applied to an amplitude modulator 1432. 

The modulator 1432 multiplies the signal provided 
by the time expander 1430 by the signal fc, provided by the 
clock generation circuitry 1432 to restore the high 
frequency luminance signal to its original band of 
frequencies. The high frequency luminance signal provided 
by the modulator 1434 is applied to a high-pass ' filter 1436 
which blocks frequencies less than 5 MHz. This filter 
removes the baseband component of the signal provided by 
the modulator 1432 and any low frequency modulation 
components. The output signal of the high-pass filter 1436 
. is applied to one input terminal of an adder 1436, the 
other input terminal of which is coupled to receive the 
30 signal YF^ . The adder 1436 combines the high frequency 

components of the luminance signal (between 5.0 MHz and 6.0 
MHz) with the widescreen luminance signal YF Q to generate 
the wideband widescreen luminance signal YF' . 

The helper signal, YT, is recovered from the 
signal YTN provided by the input unit 1422 by applying the 
signal YTN to a format decoder 1460 and a coring circuit 
1458. The format decoder 1460 expands the center panel 
portions and compresses the center panel portions" of the 
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signal YTN to regenerate the modified helper signal which 
is applied to the coring circuit 1458. The circuit 1458 
changes values of the modified helper signal having values 
between -10 IRE units and +10 ire units to 0 IRE units. m 
addition, the circuitry 1458 subtracts 10 IRE units from 
the magnitude of any sample values of the signal YTN that- 
have a magnitude greater than 10 IRE units. This reverses 
the level shifting performed by the encoder and eliminates 
any low-amplitude noise (less than 10 IRE) from the modified 
helper signal. The output signal of the coring circuit 
1458 is applied to an interlace to progressive scan 
converter 1450 which is described below in reference to 
FIGURE 21. 

The signals YF ' , IF' and QF» are applied to 
15 respective interlace-to-progressive scan converters 1450, 
1452 and 1454. FIGURES 20 and 21 are block diagrams of 
exemplary scan converters 1452 (or 1454) and 1450, 
respectively. The scan converter shown in FIGURE 20 
includes an adder 2014 and a divide-by- two circuit 2016 
which average the input signal B (i.e. IF' or QF') with a 
signal A, provided by a delay element 2012, to produce a 
signal X.. The. signal A is delayed by one frame interval 
with respect to the signal B. The signal X and a signal C 
provided by a delay element 2010 are applied to respective 
25 dual-port memories 2018 and 2020. Sample values are 

written into -the memories 2018 and 2020 responsive to the 
signal CK4 and read from the memories 2018 and 2020 
responsive to the signal CK8 . The output signals of the 
memories 2018 and 2020 are applied to respective input 
ports of a multiplexer 2022. Lines of the signal X are 
alternated, by the multiplexer 2022, with lines of the 
signal C, to form the 525 LPF progressive scan signal IF or 
QF. 

The scan converter shown in FIGURE 21 includes 
all of the circuitry shown in FIGURE 20 and additionally 
includes an adder 2118 which adds the regenerated helper 
signal, YT, to the frame averaged signal X to generate a 
signal X'. As set forth above, the signal YT represents 
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the difference between a frame averaged approximation of 
lines of sample values and the actual sample values. Thus, 
the signal X» represent interstitial lines of samples which 
have been corrected for errors in the averaging process 
5 used to generate the samples. The output signal of the 
scan converter shown in FIGURE 21 is the 525 LPF 
progressive scan signal YF. 

Referring to FIGURE 14, the signals YF, IF and QF 
are applied to DAC circuitry 1462 which generates the 
10 respective analog signals Y 1 , I • and Q » . As shown in 

FIGURE 1, the signals Y' , I »• and Q' are subtracted from the 
wideband, widescreen 1050 LPF interlace scan signals Y, I 
and Q to generate the wideband difference signals AY, A I 
and AQ. These wideband difference signals are applied to 
15 the auxiliary channel encoder 142. 

As set forth above, in reference to FIGURE 1, the 
wideband difference signal AY has a frequency spectrum 
which ranges from 0 Hz to 20 MHz and the signals A I and AQ 
have frequency spectra which range from 0 Hz to 10 Mhz . 
20 The auxiliary channel encoder 142 encodes these signals 

into a signal AUX which has a 6 MHz bandwidth. In addition 
the signal AUX. may include a digital audio signal. The 
encoder 142 uses separate circuitry for encoding the 
luminance difference signal AY and the two color difference 
25 signals AI and AQ. The circuitry for encoding AY is shown 
in FIGURE 22 and the circuitry for encoding A I and AQ is 
shown in FIGURE 24. 

In FIGURE 22, the signal AY is split into 
components "A", »B» and »C» by means of a 0-6 MHz low-pass 
filter 2244, a 6-12 MHz bandpass filter 2246 and a 12-18 
MHz bandpass filter 2248. The frequencies between 18 MHz 
and 20 MHz contain little energy and are not sent. Thus 
component A exhibits a frequency spectrum of 0-6 MHz, 
component B exhibits a frequency spectrum of 6-12 MHz and 
35 component C exhibits a frequency spectrum of 12-18 MHz. 

Component A is coupled to one input terminal of a switch 
SI. 

Component's B and C are down-converted by 
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respective mixer and low-pass filter circuits 2250 and 2252 
to occupy a band of frequencies between 0 Hz and 6 MHz 
Pairs of lines of the down-converted components B and C are 
averaged by respective line averagers 2254 and 2256. The 
averaged lines are coupled to respectively different inout 
terminals of a. switch S2 which operates at a 15 KHz rate 
(one-half of. the 32 KHz rate horizontal line rate). The 
output signal of the switch S2 contains averaged lines of 
the B component signal alternated with averaged lines of 
10 the C component signal. -The averaging and alternation of 
the B and C component lines reduces the vertical bandwidth 
of the horizontal high frequency components represented by 
the B and C component signals. since alternate lines of 
the output signal of switch S2 represent luminance 
information in the 6-12 MHz and 12-18 MHz frequency bands, 
thzs operation effectively packs information in the 6-18 
MHz frequency band into the 0-6 MHz frequency band. The 
output terminal of the switch S2 is coupled to a second 
input terminal of the switch SI. 

Switch SI is responsive to a switching signal 
provided by an OR gate 2258. The inputs to the OR gate 
2258 are a 15 Hz (one-half of the 30 Hz frame rate) square 
wave signal and a motion indicative signal provided by a 
motion detector 2260. m the absence of motion in the 
image produced by the widescreen HDTV source 110, i.e. when 
the image is still, switch SI switches for each frame to 
produce the sequence of fields indicated in FIGURE 22a 
However, when motion is present in the image, switch SI is 
conditioned to provide only component A. 

While many motion detectors are known, the 
modified helper signal (the fourth component of the 
widescreen EDTV signal described above) is advantageously 
employed to derive the motion indicative signal- as will be 
described next. The modified helper signal may be provided 
to the auxiliary channel encoder 142 by the single channe' 
decoder 140 as indicated in FIGURE 1. This signal is 
produced in the manner described in reference to FIGURE - 
FIGURE 28 illustrates the interface between the 
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single channel decoder 140 and the auxiliary channel 
encoder for providing the helper signal. in FIGURE 28, the 
modified helper signal provided by the format decoder 1460 
is applied to the corer circuitry 1458, as shown -in FIGURE 
5 14 and to the motion detector 2260. For values of the 
modified helper signal between 10 IRE units and -10 IRE 
units, the signal provided by the detector indicates -no 
motion, while for values outside this range, the signal 
provided by the detector indicates that there is inter frame 

10 motion in the image being processed. 

FIGURE 24 is a block diagram of circuitry which 
may be used to encode the difference signals AI and AQ. 
The circuitry shown in FIGURE 24 reduces the horizontal and 
vertical bandwidth of each of the signals AI and AQ, time 

15 division multiplexes the reduced-bandwidth AI and AQ 

signals and then time-compresses the resulting signal. The 
time compressed signal is split into high and low frequency 
components which are alternately provided at a field rate 
to form a signal CA. The signal CA and the signal YA 

20 provided by the auxiliary channel luminance signal encoder 
are time division multiplexed to produce a video signal 
having a multiplexed component format as illustrated in 
FIGURE 24a. ' 

More specifically, in FIGURE 24, the signals AI 

♦ • 

25 and AQ are applied to respective 2.4 MHz low-pass filters 
2410 and 2416 which reduce the resolution of the A I and AQ 
signals. The bandlimited signals provided by these filters 
are applied to respective line averaging circuits 2412 and 
2418. The circuits 2412. and 2418 average corresponding 

30 sample values from successive lines of the respective 

signals AI and AQ. The signals provided by the averaging 
circuits 2412 and 2418 are applied to respective input 
ports of a line rate multiplexer 2414.. The line rate 
multiplexer 2414 provides samples of the line averaged A I 

35 and AQ signal during alternate line intervals to pack both 
the AI and AQ signals into a single 2.4 MHz signal. The 
signal provided by the multiplexer 2414 is compressed in 
time by a factor of 5 by time compression circuitry 2422 . 
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The output signal of the circutiry 2422 is a 12 MHz signal 
(2.4 x 5 = 12) during 150 sample intervals of each 
horizontal line interval (910 sample intervals). This 
signal is split into two components having respective 
5 frequency spectra of 0-6 MHz and 6-12 MHz by a low-pass 

filter 2424 and a bandpass filter 2426, respectively. The 
signal provided by the bandpass filter 2426 is 
down-converted to the 0-6 MHz range by a mixer 2428, the 
output signal of which is applied to a field delay element 
10 2430. The signals provided by the low-pass filter 2424 and 
the field delay element 2430 are applied to respective 
input ports of a field rate multiplexer 2432 . The 
multiplexer 2432 alternately provides the signals applied 
to its mput ports during successive field intervals as the 
15 signal CA. Although it is not shown, it is contemplated" 
that the field delay element 2430 may be replaced by a 
frame delay element and that the multiplexer 2432 may be 
controlled by a motion indicative signal such as that 
provided by the OR gate 2258 of FIGURE 22. In this 
20 instance., the high and low frequency components of the 
signals A I and AQ would alternately be sent on a frame 
basis for still areas of an image and only the low 
frequency components of the signals A I and AQ would be sent 
for moving areas of the image. This change would match the 
spatial and temporal resolution of the signals AI and AQ to 
that of the signal AY. 

The signal CA and the signal YA provided by the 
circuitry illustrated in FIGURE 22 are applied to 
respectively different input ports of a luma/chroma 
30 multiplexer 2434. The multiplexer 2434 passes the signal 
YA for the first 755 sample intervals of each active 
horizontal line period, the signal CA for the next 150 
sample intervals and a. blanking signal for the last -5 
sample intervals. The digital audio signal shown in FIGURE 
1 may be inserted by apparatus (not shown) during the. 
vertical blanking interval of the auxiliary video signal 
and included" in the signal YA/CA. 

FIGURE -25 is a block diagram of RF modulation 
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demodulation circuitry suitable for use in the system shown 
in FIGURE 1. In this circuitry, the 6 MHz signal YA/CA is 
applied to a line demultiplexer 2510 "which provides even 
numbered line intervals of the signal YA/CA to a time 
5 expander circuit 2512 and odd numbered line intervals to a 
time expander circuit 2516. The circuits 2512 and 2516 
expand the signals applied to their input ports in time by 
a factor of. two so that each line of input signal 
corresponds to two lines of output signal and occupies a 
10 band of frequencies between 0 Hz and 3 MHz . The signals 
provided by the time expander circuits 2512 and 2516 are 
applied to a modulator 2514 which may either 
double-sideband modulate (DSM) a pair of quadrature phase 
related carrier signals with the two input signals, or 
15 double single-sideband modulate (DSSM) one carrier signal 
with each of the input signals, retaining the upper 
sideband for one signal and the lower sideband for the 
other signal. The signal provided by the modulator 2514 
produces little co-channel interference with existing 
20 terrestrial broadcast television signals since the carrier 
is located in the center of the transmission spectrum and 
whatever interference may be present will not be as 
coherent as that produced by an interfering conventional 
television signal. The output signal of the modulator 2514 
25 is the signal AUX which is transmitted via the antenna 130 
to the two channel decoder 134. The decoder 134 receives 
the signal AUX via the antenna 132. 

An RF demodulator 2522 in the two channel decoder 
134 demodulates the two time expanded signals and applies 
30 the results to time compressor circuits 2524 and 2526. The 
circuits 2524 and 2526 compress their respective input 
signals in time by a factor of one-half and provide the 
resulting signals to a line multiplexer 2528. The 
multiplexer 2528 alternately provides the signals applied 
35 to its two input ports during alternate horizontal line 
intervals to recover the signal YA/CA. 

FIGURE 29 is a block diagram of an exemplary 
two-channel decoder 134. In FIGURE 29, an antenna 32 is 



WO 89/08366 



-45- 



PCT/US89/00452 



10 



15 



coupled to two tuners 2902 and 2522 which tune respective 
RF channels conveying the transmitted main and auxiliary 
signals. A single channel .decoder 2904 decodes the main 
sagnal produced by tuner 2902 to produce Y', I- and Q- 
component signals. The tuner 2902 and the decoder 2904 may 
be identical to the single channel decoder described above 
xn reference to FIGURES 14-21. An auxiliary signal decoder 
2906 expands the 6 MHz auxiliary signal provided by the 
tuner 2522 to produce an 18 MHz augmentation luminance 
signal, AY and 2 . 4 MHz augmentation color difference 
signals A I and AQ . The auxiliary signal decoder is 
described below in reference to FIGURES 26 and 27. The 
signals AY, A I and AQ are combined with the 525 LPF 
progressive scan signals Y', 1 1 and Q 1 provided by the 
single channel encoder 2904 by the respective adders' 2 908 
2910, and 2912 to generate 1050 L/F interlace scan signals 

1 " and Q " that are applied to the widescreen HDTV 
display 136. The display 136 may be a conventional 525 L/F 
progressive scan display controlled by a field rate signal 
to shift the 525 displayed lines by one-half of one 
interline space from field to field to effect" a 1050 LPF 
interlace scan display. 

The circuitry shown in FIGURE 26 includes a 
luma/chroma demultiplexer 2610 which separates the 150 
chrominance samples, CA, and the 755 luminance samples, ya 
from each horizontal line interval of the signal YA/CA 
provided by the multiplexer 2528 of FIGURE 25. This 
circuitry reverses the multiplexing operation performed by 
the multiplexer 2434 described above in reference to 
30 FIGURE 24. The samples YA are processed by circuitry 

described below in reference to FIGURE 27. The samples CA ■ 
are applied to a field delay element 2612. Field delayed 
signals provided by the element. 2612 are up-converted by a 
mixer and band-pass filter 2614 to occupy a band of 
frequencies between 6 MHz and 12 MHz . The signal provided 
by the mixer and band-pass filter 2614 is added, by an 
adder 2616, to low frequency chrominance signals provided 
by the demultiplexer 2610. The output signal of the adde- 
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2616 is applied to one pole of a switch 2620, another pole, 
of which is coupled to receive a field delayed version of 
the signal provided by the adder 2616 via the field delay 
element 2618. 

5 The switch 2620 is conditioned by a 15 Hz signal 

to pass the output signal provided by the adder 2616 during 
frame intervals in which the signal CA represents low 
frequency chrominance signals and to pass the signal 
provided by the delay element 2618 during frame intervals 
10 in which the signal CA represents high frequency 

chrominance signals. Alternatively, when motion- adaptive 
multiplexing of the signal CA is used by the encoding 
- circuitry, the circuits shown in FIGURE 26 may include 
motion-adaptive demultiplexing circuits of the type 
15 described below in reference to FIGURE 27. The signal 

. provided by the switch 2620 is expanded in time by a factor 
of 5 by circuitry 2622 to produce 750 samples of the signal 
CA per horizontal line interval. This operation reduces 
the frequency spectrum of the signal CA to 0-2.4 MHz. The 
20 time-expanded signal CA is applied to a line-rate 

demultiplexer 2624 which, during alternate horizontal line 
intervals, provides .lines of samples of a reconstructed 
signal AI 1 at one output port and lines of samples of a 
reconstructed signal AQ 1 at another output port. The 
25 signals AI 1 and AQ 1 are applied to respective horizontal 

line interpolators 2626 and 2628 which derive interstitial 
lines of samples from the existing lines of samples to 
provide output signals A I and AQ each having 52 5 lines of 
samples per field interval and a horizontal frequency 
30 spectrum of 0-2.4 MHz . 

Exemplary circuitry for use as the luminance 
augmentation signal decoder is shown in FIGURE 27. In 
FIGURE 27, the signal YA is applied to one input port of a 
multiplexer 2710, the output port of which is coupled to 
35 the input port of a frame delay element 2714. The output 

port of the frame delay element 2714 is coupled to a seccr.; 
input port of the multiplexer 2710. A control signal for 
the multiplexer 2710 is a signal H/L which is the logical 
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OR of a motion signal, MOTION provided by a motion detector 
2711 and a 15 Hz square wave signal. This signal changes 
state at the frame rate. The motion detector 2711 may be 
identical to the detector 2260 described above in reference 
5 to FIGURES 22 and 28; The multiplexer 2710 is conditioned 
by the control signal H/L to pass the signal YA during 
alternate frames when no motion is present, or during every 
frame in moving portions of the image. In the intervening' 
frames of still images, the control signal H/L conditions 
the multiplexer 2710 to recirculate signals provided by the 
frame delay element 2714. The output signal of the frame 
delay element 2714 is a low frequency component signal (0 
Hz to 6 MHz) of the signal AY. This output signal is 
applied to one input port of an adder 2716. A second input 
port of the adder 2716 is coupled to receive high frequency 
components (6 MHz to 18 MHz) of the signal AY for still 
images and a zero-valued signal for moving images. For 
still portions of an image the signal provided by the adder 
2716 has a horizontal frequency spectrum of 0 Hz to 18 MHz 
but a temporal update period of only 1/15 of a second and, 
for moving portions of the image, a horizontal frequency 
spectrum of 0 Hz to. 6 MHz and temporal update period of 
1/30 of a second. 

To generate the high frequency components of the 
25 signal AY, the signal YA provided by the luma/chroma 
demultiplexer 2610 of FIGURE 26 is applied to a 
demultiplexer 2718. The demultiplexer 2718 is controlled 
by a square wave signal having a frequency of 15 KHz 
(one-half of the frequency, fH, of the 1050 LPF interlaced 
30 horizontal line synchronization signal) to provide 

alternate lines of samples of the signal YA to the mixer 
and band-pass filter circuits 2720 and 2722 . 

The circuits 2720 and 2722 reverse the frequency, 
down-conversion of the 6-12 MHz and 12-18 MHz components of 
35 the AY signal performed by the auxiliary channel encoder. 

142. The mixer and band pass filter 2720 modulates a 6 MHz 
carrier signal with the signals applied to its input port 
and passes the resultant signals through a band-pass filte: 
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(not shown) having a pass-band from 6 MHz to 12 MHz. This 
filter removes the baseband signal and any spurious 
modulation components. In the same manner, the mixer and 
filter 2722 modulates a 12 MHz carrier signal with the 
5 signals applied to its input port and band-pass : filters the 
resultant modulated signals to occupy a band of. frequencies 
from 12 MHz to 18 MHz . 

The signals provided by the mixer and band-pass 
filter 2720 are applied to one input port of a multiplexer 

10 2728 and to a 1 H delay element 2724. The delay element 
2724 is coupled to provide its output signal to a second 
input port of the multiplexer 2728. The multiplexer 2728 
is conditioned by the 15 KHz line rate switching signal to 
alternately provide the output signal of the circuitry 2720 

15 and the output signal of the delay element 2724 during 
respective alternate horizontal line intervals. A 1 H 
delay element 2726 and multiplexer 2730 are configured in 
the same manner to alternately provide the output signal of 
the circuitry 2722 and the output signal of the delay 

20 element 2726 during respective alternate horizontal line 
intervals. The line rate signals applied to the 
multiplexers 2?28 and 2730 are synchronized to the signals 
produced by the encoder circuits 142 so that, for still 
images, the multiplexer 2728 provides line averaged AY 

25 signals occupying the 6 MHz to 12 MHz band of frequencies 
and the multiplexer 2730 provides line averaged AY signals 
occupying the 12 MHz to 18 MHz band of frequencies. In 
moving portions of the image and during alternate frame 
intervals of still images, the signals provided by the 

30 multiplexers 2728 and 273 0 are invalid. 

The output signals of the multiplexers 2728 and 
2730 are summed by an adder 2732 to produce, during still 
portions of an image, a signal representing components of 
the AY signal in the 6 MHz to 18 MHz band of frequencies. 

35 This signal is applied to one input port of a multiplexer 
2734. A second input port of the multiplexer 2734 is 
coupled to receive a zero-valued signal provided by a 
source of zero-valued signal 2736. The multiplexer 2734 is 
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conditioned by the signal H/L provided by the OR gate 2712 
to" pass the signal provided by the adder 2732 during 
alternate frames of still portions of an image and to pass 
the zero-valued signal provided by the source 2736 
5 otherwise. 

The output signal of the multiplexer 2734 is 
applied to a one-frame (1050 H) delay element 2740 and to 
one input port of a multiplexer 2738. A second input port 
of the multiplexer 2738 is coupled to receive the frame 
10 delayed signal provided by delay element 2740. The 
multiplexer 2738 is conditioned by a control signal 
provided by an AND gate 2742 to pass the signal provided by 
the multiplexer 2734 during alternate frames of a still 
image (i.e., when the signal provided by the multiplexer 
2734 includes line-averaged' high freguency components) and 
during moving portions of the image (i.e., when the signal 
provided by the multiplexer 2734 is zero-valued). Only 
during the intervening frame intervals of still images, 
when the signal YA includes only low freguency components, 
is the multiplexer 2738 conditioned to pass the signal 
provided by the delay element 2740. In this configuration, 
the multiplexer 2738 passes a zero-valued signal for moving 
portions of an image and a high frequency AY signal for 
still portions of the image. The control signal for the 
multiplexer 2738 is the logical AND of the 15 Hz frame rate 
switching signal and the complement of the signal MOTION as 
provided by an inverter 2744. 

The output signal of the multiplexer 2738 is 
applied to the second input port of the adder 2716 to 
produce the reconstructed signal AY. As set forth above, 
the signal AY has a freguency spectrum of 0 Hz to 18 MHz 
and a temporal update period of 1/15 of a second for still 
portions of an image and a freguency spectrum of .0 to 6 MHz 
and a temporal update period of 1/30 of a second for moving 
35 portions of the image. 

f In the described embodiment of the invention, the 

high and low frequency components of the signal AY are 
motion adaptively multiplexed on a frame basis . it is 
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* . contemplated that these signals may be motion adaptively 

multiplexed on a. field basis or on the basis of a number of 
field intervals greater than a frame interval. 

Although it is not shown in the drawings, it is 
5 contemplated that the two channel decoder 134 may include 
timing signal generation circuits of the same type as the 
timing circuits 1432 described above in reference to FIGURE 
14, for generating a 16xfsc clock signal, the 6 MHz and 12 
MHz sampled data carrier signals and the frame rate and 

10 line rate control signals used by the decoder 134. To 
ensure proper reconstruction of the image, it may be 
desirable to synchronize the encoder 142 to the decoder 136 
by -including a timing reference signal such as a 
pseudo-random sequence in one or both of the signals MAIN 

15 and AUX. Exemplary circuitry for generating and decoding 
such a timing reference signal is disclosed in the 
above-referenced U.S. patent application Serial No. 241,277 
and in U.S. Patent No. 4,309,712 entitled "Error Coding For 
Video Disc System" which are hereby incorporated by 

20 reference. Alternatively, the signal AUX may include a 
modified synchronizing signal such as that used in the 
television system proposed by NHK, the Japan Broadcasting 
Corporation, described in an article by R. Hopkins entitled 
"Advanced Television Systems", IEEE Transactions on 

25 Consumer Electronics, February 1988, pp. 4-5. Accurate 
timing information may be derived from the zero crossing 
points of this synchronizing signal. 

As set forth above in reference to FIGURE 29, the 
signal AY, provided by the luminance augmentation signal 

30 decoder, and the signals A I and AQ provided by the 

chrominance augmentation signal decoder, are combined with 
the respective signals Y 1 , I 1 and Q 1 to produce widescreen 
HDTV signals Y", I" and Q" for display on the . widescreen 
HDTV display 136. The image produced in response to the 

35 signals Y" , I" and Q" has substantially full HDTV detail in 
still areas and detail greater than that of a standard NTSC 
image but less than that of an HDTV image in moving areas 
of the image. 
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CLAIMS.. 

fwlliwy sigLT^e° e r n r; era " n S -coded main and 

s -W. characterized by' 1 " 9 a high-defi nit i on widescreen 
a source (no) . . 

said high . defln . t . on w J e ° c f video signal representing 

detarl that is substantial v * level of 9 

conventional video i mag e. 7 ttan ">at of . 

"id source^,- Si9 " al encodin 9 means (u 4) e „, , „ 

ce of input video , »rr*). coupled to 

-coded m ai„ video sl ^Tr e T B generating said 

havrng a level of detail that "s 9 e " han « d 

conventional video image but , e f T*" ^ that of a 
^ 9 h-defi„ ition W idescree„ image ^ ° f "« 

decoding means (140 1 
s^nal encoding means for decod,- " " t0 «™t 
s^nal to generate a decoded ml" 9 "" e " COded -in video 

signal different 1<3e ° signal; 

^coding means. f or "iZllTn^T """^ t0 — 
"Presenting the difference w "W 
saxd decoded main video s^nal ^ *^ and 

said sig„ a r e dl 0 ^ Si9nal encodi ng means ( 142 , „ , 

auxii ia 9 ; a : id d : o ff «: n n ^" 9 means - <« ^L g c :T^ to 

srgnal representing said difference s'rglT 
*> 2 ' The system set fnrfK • 

first signal encoding means ITcZT ^ said 
responsive to said input vide! meanS ' 38 < ^4, 76. 79 , 

farst video signal repreJntL ^ ^ derating a 
™ a second video silT^* TT^^ image 
conventional video ima^e an T ^"cements to said 

"rst and second video sIoTT (8 °' 40 '"> combining '. 

needed main video signal t0 ^"""e said 
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3. The system set forth in Claim 1 wherein: 
said input video signal occupies a band of 

frequencies from 0 Hz to L MHz; 

said first signal encoding means includes 
5 low-pass filtering means (19a) for processing said input 

video signal to provide a filtered video signal occupying a 

band of frequencies from 0 Hz to K MHz, where K is less 

than L; 

said signal differencing means produces said 
10 difference signal occupying a band of frequencies from 0 Hz 
to L Mhz; and 

said second signal encoding means includes : 
means (2244,2246,2248) for separating said 
difference signal into a first component signal (a) 
15 occupying a band of frequencies from 0 Hz to J MHz and 

a second component signal occupying a band of 
frequencies from J MHz to H MHz, where J is less than 
H and H is a not greater than L; 

means (2250,2252) for encoding said second 
20 component signal to generate an encoded second 

component signal occupying a band of frequencies from 
0 Hz to J Mhz; and 

means (SI) for time-division multiplexing said 
first component signal and said encoded second 
25 component signal, to generate said auxiliary encoded 

video signal occupying a band of frequencies from 0 Hz 
to J MHz. 
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4. The system set forth in Claim 1 wherein: 
said input video signal is an N line -per -. frame 
interlace scan signal, where N is an integer; 

said first signal encoding means includes means 
5 (16) for converting said input video signal to a M 

line-per- frame progressive scan intermediate video signal 
and means (114) for encoding said intermediate video signal 
to generate said encoded main video signal, being an M 
line-per-frame interlace scan signal, where M is an integer 
10 not greater than N; 

said decoding means includes means (1450) for 
processing said encoded main video signal to develop said 
decoded main video signal, being an M line-per-frame 
progressive scan signal; 
15 said differencing means includes means for 

subtracting said decoded main video signal from said input 
video signal to generate said difference signal having 2M 
lines per frame. 



20 



5. The system set forth in Claim 4 wherein N 
equals 1050 and M equals 525. 
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6. A tworchannel television signal processing 
system characterized by: 

means (2902) for receiving an encoded main video 
signal representing an extended definition television image 
5 having <ji level of detail that is greater than that of a 
conventional video image; 

means (2522) for receiving an auxiliary signal 
having first and second component signals, representing 
respective first and second augmentation signals for said 

10 main video signal which occupy respective first and second 
bands of frequencies, wherein said second component signal 
is encoded to occupy substantially the same band of 
frequencies as said first component signal and said first 
and second component signals are time division multiplexed; 

15 main signal processing means (2904), coupled to 

receive said encoded main video signal, for generating 
therefrom a baseband decoded main video signal; 

auxiliary video signal (2906) processing means, 
coupled to receive said auxiliary signal, including means 

20 (2718) for separating said first and second component 
signals therefrom, means (2720-2744) for decoding said 
second component signal and means (2716) for combining said 
first component signal and said decoded second component 
signal to develop a baseband augmentation signal; and 

25 combining means (2908), coupled to said main 

signal processing means and to said auxiliary signal 
processing means, for combining said baseband decoded main 
video signal and said baseband augmentation signal to 
generate an output signal representing a video image having 

30 a level of detail greater than that of said extended 
definition television image. 
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7. The television signal processing system set 
forth in Claim 6, wherein: 

said first component signal (A) of said auxiliary 
Video signal includes a signal occupying a band of 
frequencies from 0 Hz to N MHz which represents an 
augmentation of said main video signal in the band of 
frequencies from 0 Hz to N MHz; 

said second component signal (B or C) of said 
auxiliary video signal includes signals occupying a band of 
frequencies from 0 Hz to N MHz which represents an 
augmentation of said main video signal in a band of - 
frequencies from N MHz to P MHz; where P is greater than N; 

said first and second component signals of said 
auxiliary video signal are time division multiplexed on a 
bas 1S of G fields, where G is an integer, for still 
sequences of said extended definition television image and 
said auxiliary video signal includes only said first 
component signal for motion sequences of said extended 
definition television image; and 

said auxiliary signal processing means includes: 
means coupled to said main video signal 
processing means for developing a motion signal 
indicative of motion sequences of said extended 
definition television image- 
demultiplexing means (2710,2716) for separating 
said first and second component signals from said 
auxiliary signal; 

frequency conversion means (2720 or 2722), 
coupled to said demultiplexing means for processing 
said second component signal to develop a 
frequency-shifted second component signal which 
occupies said band of frequencies from N MHz to P MHz ; 

means (2724), coupled to said demultiplexing 
means and including signal storage means (2728) and 
responsive to said motion signal, for selectively 
repeating said first component .signal ..during 
alternate intervals of G fields to develop a first 
component signal; 
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means (2738), including signal storage means 
(2740), coupled to said demultiplexing means and to 
said frequency conversion means and responsive to 
said motion signal, for selectively repeating 
5 said frequency-shifted second component signal during 

* alternate ones of said G field intervals to develop 
a continuous frequency- shifted second component 
signal; and 

means (2716) for combining said continuous first 
10 component signal and said continuous frequency-shifted 

second component signal to generate said baseband 
augmentation signal. 



15 



8. The television signal processing system set 
forth in Claim 7 wherein said G field intervals equals one 
frame interval . 
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9. The television signal processing system set 
forth in Claim 8, wherein: 

said second component signal of said auxiliary 
signal includes first and second sub-component signals 
(B,C) each occupying a band of frequencies from 0 Hz to N 
MHz, said first sub-component signal (B) representing an 
augmentation of said main video signal in a band of 
frequencies from N MHz to Q MHz and said second 
sub-component signal (C) representing an augmentation of 
said main component signal in a band of frequencies' from Q 
MHz to P MHz, where said first and second sub-component 
signals are time division multiplexed on a line basis; and 
said frequency conversion means includes: 
means (2720) for m'odulating i an N MHz carrier 
signal with said first sub-component signal to 
generate a frequency- shifted first sub-component 
signal occupying a band of frequencies from N MHz to Q 
MHz; . 

means (2722) for modulating a Q MHz carrier 
signal with said second sub-component signal to 
generate a frequency-shifted second sub-component 
signal occupying a band of frequencies from Q MHz to M 
MHz ; 

means (2724,2728), including signal storage 
means, for alternately repeating a line of samples of 
said frequency-shifted first sub-component signal to 
generate a continuous frequency-shifted first sub- 
component signal; 

means (2726,2730), including signal storage 
means, for alternately repeating a line of samples of 
said frequency- shifted second sub-component signal to 
generate a continuous frequency- shifted second sub- 
component signal; and 

means (2732-2740) for combining said continuous 
35 frequency-shifted first and second sub-component 

signals to generate said frequency shifted second 
component signal. 
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DOUBLE SIDE BAND - QUADRATURE CARRIER MODULATION SIGNAL 
STRUCTURES 

BACKGROUND OF THE INVENTION 

The present invention relates to high-speed data 
transmission and in particular to signal structures for 
double side band quadrature carrier (DSB-QC) modulation. 

In U.S. Patent 3,887,768 issued June 3, 1975 to 
Formey. Jr. , et al for SIGNAL STRUCTURES FOR DOUBLE SIDE 
BAND QUADRATURE CARRIER MODULATION the inherent 
advantages of DSB-QC over single-sideband (SSB) and 
vestigial-sideband (VSB) are discussed in detail. Briefly, 
DSB-QC system can be designed to have a much greater 
insensitivity to phase jitter on the line, or to phase 
error in the recovered carrier than SSB or VSB signals 
while permitting a coherent local demodulation carrier 
to be derived from the received data without requiring 
15 transmission of a carrier or pilot tone. 

The previously mentioned U.S. Patent 3,887.768 
describes a DSB-QC modulation system in which the signal 
points are mapped in the complex plane on concentric 
rings the signal points of which are rotated by 45° from 
those of the next adjacent ring. While the disclosed 
DSB-QC constellations combat the combined effects of 
noise and phase jitter as discussed in the reference, 
in fact, improvements in the state-of-the art carrier 
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equipment lias itself contributed substantially to the 
reduction of phase jitter on many communication channels 
so that signal constellations : designed to provide the 
best compromise performance between noise and phase 

5 jitter are no longer optimum in the sense of overall 
performance, wherein the "best" performance is defined 
as lowest overall bit error rate* 

In order to attain higher data rates in a given 
bandwidth, higher signal-to-noise ratios in the 

10 communications media are required. As higher signal- 
to-noise ratios are required, constellations for more 
' signal-to-noise efficient signals are necessary. In •* 
the presence of noise alone, signal constellations with 
points equally spaced on a square grid provide a near 

15 optimum performance. Moreover, such a pattern permits 
simple encoding at the transmitter and simple decoding 
or detection at the receiver. It is known that for a 
given error rate and bandwidth a square grid constella- 
tion offers better signal/noise performance than a 

20 comparable concentric ring type constellation. In fact, 
for example, a well known r*dng type constellation 
employing 16 points for 9600 bit transmission in a 
Nyquist bandwidth of 2^00 Hz requires 1.3 dB greater 
signal/noise ratio for a given symbol error rate than a 

25 comparable square grid constellation. The well known 
concentric ring constellation discussed above is that 
proposed by CCITT Recommendation V29 (offered 
commercially by Paradyne Corporation of Largo Florida 
as its MP-96 Data Modem) . The square grid constel- 

30 lation is employed by Bell System in their model 209 
Data Set. 

The sacrifices paid for the greater signal to 
noise ratio of the square grid pattern over the 
concentric ring pattern are that; 
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1. The number of usable points must equal 2 M 
where M is an integer and thus M can only equal 2. 4, 
8, 16, etc. As a result a grid such as 3 x 3 could not 
be used. 

2. As the number of points increases the distance 
from the origin of the furthest point relative to the 
root mean square distance increases rapidly. Since the 
distance from the origin is proportional to the voltage 
necessary to generate the point, the pealc to average 
voltage ratio becomes large and may lead to clipping 

in most communication media. 

In view of the above, it is the principal object . 
of the present invention to provide improved DSB-QC 
signal structures developed to provide near optimum 
15 performance in the presence of noise. 

A further object is to provide such signal 
structures which allow simple encoding and decoding 
or detection. 

A still further object is to provide such signal 
20 structures wherein the points in each of the four 
quadrants may be differentially phase encoded such 
that an absolute carrier reference is not necessary. 

Other objects and advantages will be self- 
evident from the description of the preferred 
25 embodiments of the invention. 

SUMMARY OF THE INVENTION 

The above and other beneficial objects and 
advantages are attained in accordance with the present 
invention by providing double side band - quadrature 
carrier modulation signal structures wherein the 
constellations are composed of N x N points (N being 
an integer) having 90° symmetry in a modified square 
grid wherein for each quadrant all points which are at 
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the origin or further spaced from the origin than any 

other point are relocated or omitted. Points are 

omitted if the square grid is composed of more than 2 M 

points (M being an integer) to reduce the number of 
M 

5 points to 2 . Points that are relocated are brought . 
closer to the origin and preferably to a location 
wherein the complexity of decoding is minimized (i.e., 
on an axis or on an extrapolated point on the grid). 
According to another aspect of the present 
10 invention there is provided -a double sideband quadrature 
carrier modulation system comprising input means for* 
receiving data representable as M-bit groups in 
succession, means responsive to each received M-bit 
group to produce signals respectively representing the 
15 co-ordinate values of a point selected in response to 
the M-bit group from among 2 M points disposed with 90° 
symmetry about the origin in a square array of N x N, 
omitting any point appearing at the origin and any 
points in excess of 2 , and in which array the point in 
20 each quadrant which is furthest from the origin is 
relocated, and modulating means responsive to said 
signals to modulate corresponding quadrature phases 
of a carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 In the accompanying drawings: 

FIGURE 1 depicts a 3 x 3 constellation which 
contains eight possible points; 

FIGURE 2 depicts a 6 x 6 constellation which 
contains thirty-two possible points; 
30 FIGURE 3 depicts a possible encoding scheme 

for a 6 x 6 constellation; 

FIGURE 4 illustrates differential gray coding 
of the quadrants to eliminate the need for a carrier 
phase reference; 
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FIGURE 5 depicts prior art related to a 8 x 8 
constellation; 

FIGURE 6 depicts a modified 8x8 constellation; 
FIGURE 7 depicts another modified 8x8 
constellation; and 

FIGURE 8 is a block diagram of one example of 
a system embodying the present invention; 

DESCRIP TION OF -PREFERRED EMBODIMENTS 

Data rates heretofore employed for digital 
signalling over telephone channels may be expressed as 
2400 x 2 where M is an integer. The standard rates 
attained therefore are 2400, 4800 and 9600 bits per 
second where M = 0, 1, and 2 respectively. To 
conveniently attain these rates, modems which are 
switchable and therefore provide all rates usually 
signal at a symbol rate of 2400 symbols per second. 
Transmission at 2400 bps requires one bit to be encoded 
into one of two possible phases each symbol time. 
4800 bps requires two bits to be encoded into one of 
four possible phases each symbol time and 9600 bps 
requires four bits to be encoded into sixteen points. 
The means for encoding and a method for implementing 
the encoding scheme are set forth in the previously 
mentioned U.S. Patent 3,887,768. 

In a modem providing 2400, 4800 and 9600 bps 
operation it is desirable to provide also the rate of 
7200 bps particularly since certain terminals are 
designed to operate at 7200 bps. To obtain this rate, 
it is necessary to obtain 3 bits per symbol or eight 
possible points. In accordance with the present 
invention, the signal constellation of Figure 1 provides 
this function as it allows three bits to be encoded into 
eight possible points. To obtain eight points on a 
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square constellation, the dimensions of the square must 
be at least 3x3 since anything less would not provide 
sufficient points. The set of points may be represented 
by the co-ordinates +1, 0, -1 on the in-phase and quadra- 

5 ture axes. In accordance with the present invention the 

zero point is eliminated thereby leaving the required eight 
points. Not allowing the zero point to occur has advantage 
of permitting continuous tracking of the carrier phase 
since reception of the 0,0 point does not convey carrier 

10 phase information. Since the 0,0 point has been eliminated 
no determination need be made as to whether or not the' 
furthest point from 0,0 in each quadrant is further than 
all other points and no point relocating need be done. 
The eight possible phases shown in Figure 1 are 

15 differentially encoded such that an absolute carrier phase 
is not required. 

Figure 2 illustrates one quadrant of a 6 x 6 constel- 
lation which can be used to yield a data rate of 12,000 
bits per second for a symbol rate of 2400 symbols per second. 

20 In this case each symbol is represented by 5 bits hence 
M 5 

2 =2 =32 and thus N x N must exceed 32. The lowest 
value for N is hence 6. Accordingly, 6 levels are allowed 
on each axis, but only 32 possibilities are permitted since 
for each symbol time five bits are encoded into a point. 

25 There are thus for non-allowed points which would occur at 
co-ordinates (-5,-5), (-5,5), (5,-5) and (5,5). Omitting 
these points minimizes the peak to average power level of 
the transmitted signal. 

Figure 3 illustrates one candidate coding scheme for 

30 the constellation of Figure 2 wherein the first two bits 
denoted by XX are dif f erntially encoded between quadrants 
such that a carrier phase reference is not necessary. 
Differential coding of the first two bits between quadrants 
of the scheme of Figure 3 to eliminate the requirement for 

35 a carrier phase reference is shown in Figure 4. 
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To achieve a data rate of 14,400 bps at a symbol rate 
of 2400 symbols per second requires 6 bits to be encoded 
into one of sixty- four possible points each symbol time. 
This may be accomplished in accordance with the scheme of 
Figure 5 which illustrates the prior art wherein all sixty- 
four points are spaced equally with respect to the in- 
phase and quadrature axes. However, the points located 
at co-ordinates (-7,-7), (-7,7), (7,-7) and (7,7) cause 
a relatively high peak to average power ratio, because of 
their maximal distance from point 0,0 (i.e.. at the extreme 
points the power requirement is 24. 5A 2 . Two modifications 
to the constellation of Figure 5. in accordance with the 
present invention which yield a lower peak to average 
power ratio yet which preserve equal spacing on each axis 
and which provide symmetry in all four quadrants are illu- 
strated in Figures 6 and 7. This is accomplished in each 
case by relocating the point in each quadrant further 
spaced from the origin than any other point (i.e., 7.7; 
-7,7; 7,-7 and -7,-7) to positions closer than the origin. 

In Figure 6, the point at (7,7) is relocated to (9,1). 
Similarly, the point at (-7,7) is relocated to (-1,9). 
(-7,-7) is relocated to (-9,-1) and (7,-7) is relocated to 
(1,-9). 

In Figure 7, the point at (7,7) is relocated to (9,0). 
Similarly, the point at (-7,7) is relocated to (0,9). 
(-7.-7) is relocated to (-9,0) and (7.-7) is relocated to 
(0,-9). 

In each case the danger of the signal being clipped 
is significantly reduced since the peak power requirement 
is reduced by 0.8 dB as indicated in Figures 6 and 7. 

Figure 8 shows in block diagrammatic form one example 
of apparatus for encoding serial binary data in double 
sideband quadrature carrier modulation form according to 
the invention. The input data is received via a line 1 by 
an M-bit shifting register 2. Every M clock cycles the 
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M-bit number stored in the register 2 is transferred to a 
buffer store 3 under control of signals derived from a 
clock oscillator 4 by a di^ide-by-M circuit 5. The M-bit 
number in the store 3 is used as an address input for a 

5 read-only-memory 6 which stores the co-ordinates of the 
point of the constellation corresponding to the number 
stored in the store 3 and produces these on output conduc- 
tors 7 and 8 respectively. The "data output from the ROM 6 
on the conductors 7 and 8 is converted to analogue form 

10 by converters 9 and 10 respectively at instants determined 
by the outputs of the divide-by-M circuit 5. After passing 
through low pass filters 11 and 12 respectively the analogue 
signals from the converters 9 and 10 are applied to res- 
pective modulators 13 and 14 to which in phase and quadra- 

15 ture carrier oscillations are applied directly from a 
carrier oscillator 15 and via a quadrature wave phase 
shifting circuit 16, The outputs of the modulators 13 and 
14 are combined in a circuit 17 to produce the required 
output signal on a conductor 18. 

20 The operation of the circuit of Figure 8 is quite 

straight forward and can readily be understood from consi- 
deration of the foregoing description and the disclosure in 
the previously mentioned United States Patent Specification 
No. 3 887 768. 

25 The encoded signal can be decoded by a circuit similar 

to that shown in Figure 8 to reproduce the transmitted data 
in suitable form. It will be appreciated that the system 
described is only one example of possible systems embodying 
the present invention and many modifications could be made 

30 to the described circuit which will be apparent to one 
skilled in the art. 
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Claims: 



1- A method of mapping in the complex plane the point 
constellation of a double sideband - quadrature carrier 
modulation system wherein each symbol conveys M bits of 
information comprising the steps of: 
5 (a) capping the points in a constellation composed 

of N x N points (N being an integer) having 90° symmetry 
about the origin; 

(b) omitting any point appearing at the origin; 

(c) omitting any points in excess of 2 M (M being 
10 an integer); and 

(d) relocating any point in each quadrant further 
spaced from the origin than any other point. 

2. A method in accordance with claim 1 wherein M = 3, 
N - 3, the points are arranged along -1, 0 and +1 along' 

15 each axis and the origin point (0,0) is omitted. 

3. A method in accordance with claim 1 wherein M = 5 

N - 6, the points are arranged on -5. -3, -1. 1, 3 and 5' 
along each axis, and the points at 5.5; -5.5; 5.-5; and 
-5,^-5 are omitted. 

20 4.^ A method in accordance with claim 1 wherein M = 6 
N - 8; the points are arranged at -7. -5, _ 3 , _ lf 1# 3 
5 and 7 along each axis, and the points located at (7.7) 
(-7,7), (7.-7) and (-7.-7) are relocated to (9.1), (-1 9 ) 
(1.-9) and (-9.-1) respectively. 

25 5 A method in accordance with claim 1 wherein M = 6, 

N - 8, the points are arranged at -7, -5, - 3 , _ lf 1( 3 ' 5 
and 7 along each axis and the points located at (7.7),' 
(-7.7). (7.-7) and (-7,-7) are relocated to (9,0). (0.9). 
(0,-9) and (-9,0) respectively. 

30 6. a double sideband quadrature carrier modulation system 
comprising: 

input means for receiving data representable as M-bit 
groups in succession, 
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means responsive to each received M-bit group to pro- • 
duce signals respectively representing the co-ordinate 
values of a point selected in response to the M-bit group 
from among 2 M points disposed with 90° symmetry about the 
origin in a square array of N x N, omitting any point, appear- 
ring at the origin and any points in excess of 2 M , and in 
which array the point in each quadrant which is furthest 
from the origin is relocated, *and 

modulating means responsive to said signals to modu- 
late corresponding quadrature phases of a carrier. 

7. A system according to claim 6 wherein M = 3 , N = 3, 
the points are arranged along -1, 0 and +1 along each axis 
and the origin point (0,0) is omitted. 

8. A system according to claim 6 wherein M = 5, JT = 6, 
the points are arranged on -5, -3, -1, 1,3 and 5 along 
each axis, and the points at 5,5; -5,5; 5,-5; and -5,-5 
are omitted. * 

9. .A system according to claim 6 wherein M = 6, N = 8, 
the points are arranged at -7, -5, -3 # -1, 1, 3, 5 and 7 
along each axis, and the points located at (7,7), (-7,7), 
(7,-7) and (-7,-7) are relocated to (9,1), (-1,9), (1,-9) 
and (-9,-1) respectively. 

10. A system according to claim 6 wherein M = 6, N = 8, 
the points are arranged at -7, -5, -3, -1, 1, 3, 5 and 7 
along each axis and the points located at (7,7), (-7,7), 
(7,-7) and (-7,-7) are relocated to (9,0), (0,9), (0,-9) 
and (-9,0) respectively. 
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